rw-^ p = «- for- their PraductioH; 
Spothilone Derivatives, Process to. . 



ind their Piiarmace 



utical Use 



Hofle ,t al. escribe tha cytotoxic action o t \h. natural 
l.t«e.. .potWXon. A « . hydrocan) and .pothUon. . <* - 



sun 
methyl) 




O OH O 



Boothilow X.(» - H) , -Ssothilona B (R • CH,) 
„ Angaw. Cha*. applied Che..!. it*. "8, 

iacause of th.ir in-vitro ..Activity «.« — -» «* 

« B ,..tln.l call Unas and thair significantly higfcer activity 
against s-ciycoprotain- forming .ult iresis tant t»«r - 
comparison to taxol a, w.» as their physical properties that are 

verier t= those of t«ol.e. S .. * ««« «°**""* ^ 
^'W a =f 30, this novel structural class - 

especially advantages for the d.«l«P~" °< * phar.aca.trca, 

went for treatise malignant tumors . 

The .natural substances are not sufficiently stable eithar 

chemically or metaboiicaiiy for the development of t l 



agents. .To' eliminate these drawbacks, modifications to the 
natural substance are necessary. Such modifications are possible- 
only with a total -synthesis approach and require synthesis 
strategies that make possible a broad modification of the natural 
substance. The purpose of the structural changes is also to 
increase the therapeutic range. This can be -done by improving 
the selectivity of the .action and/or increasing the active 
strength and/or reducing undesirable toxic side-effects, as- they 
are described in Prog'. Natl. Acad.. Sci.- USA 1993, 95, 9642-9647. 

The total synthesis .of eppthilone ■ A is described by Schinzer 
efal'. in Chem. Eur! J. 1996, 2 ,. No . 11 , 1477-1482 and inAngew. 
Chem'. 1997, 109, No. 5, pp, 543-544) . Epothilone derivatives ; 
were already described by Hofle.et al.. in WO 97/19086.- These 
derivatives were produced starting from natural epothilone A or 



B . 



Another synthesis of ■ epothilone and epothilone derivatives 
was. described, by Nicolaou et al ... in Angew. Chenu 1997, 109, No. 
1/2, pp. 170-172. The synthesis of epothilone ' A and B and 
•several epothilone analogs was described in Nature, Vol. 387, 
1997', pp. 268-272; and the synthesis - of epothilone A and its 
derivatives was described in j! Am. ' Chem. -Soc., Vol. 11-9, No. 34, 
1997/ pp. 7960-7973 as well as. the synthesis of epothilone A and 
B and several epothilone analogs in J. Am. Chem . Soc. , Vol . 119, 
No. 34, 1997, pp. 7974-7991 also by Nicolaou et al. 

Nicolaou et al . also describe '.in Angew.' Chem. 1997, 109, No. 
19,. pp. 2181-2.187 the production of epothilone A analogs using 



c^veral eoothilone B analogs 
cotnbioaforysolidTP^se synu^s.s. — . 

-t* also described there. 

" " . . , ly , t . b v. e.,oug, for the d.v.Xop-^t o£ p^c^e*. 

^/«-r th»ir active strength. 
urd „irable toxic side-effects and/or tri-ir 

• . • n d - sc ^es the new e ? othilone derivatives o. 
This" invenc ion Ccsc^-iae^ 

. general formula I, 




* T _ c,-c, 0 .u^. 

=7- add" ticnai 

- ^nrocen atom, coge^=- - 

r*,-R 7 each mean <=. uyc-o':^ 

boad or an oxygen atom, 

*a . cneans a methyl' group cr hydrogen, 



and at -the. same time, R 1a and R lb together stand for a 
trimethylene group, R 2 stands for a phenyl or ' benzyl radical; and 
X stands for a 2 -pyridyl , 2 -methyl - 4 - thiazolyl or 2-methyl-4- 

oxazolyi radical or 

at the same' time R la and R 1b together stand for a , _ 
trimethylene group,. R 2 stands for a methyl, ethyl or propyl group 
and x' stands for. a 2-pyridyl, 2 -methyl f4 - thiazolyl or 2-methyl-4- 

oxazolyl radical or - ■ : . 

at the 'same time Rl a and R lb in each case stand for a methyl 
"group, R 2 stands for a methyl, ethyl or propyl 'radical , and X 
stands, for' a 2-pyridyl, 2 -methyl - 4 -thiazolyl or 2 -methyl -4- ' 

oxazolyl radical , 

whereby the nitrogen atom and/or the sulfur atom in X can be 
present in oxidized form, and .whereby, if . R 2 and R a in each case ". 

an a methyl radical, X can be only one 2-pyridyl radical that 
is 'optionally oxidized .on the. nitrogen atom, 

including all possible stereoisomers as well as' their mixtures: 
Substituents' in the compounds of general formula I : , 
As alkyl groups R 4 and R s , straight -chain or branched- chain 
alkyl '.groups with 1-20 carbon atoms can be considered, . such as, 
for example, methyl, ethyl , propyl , ' isopropyl , butyl, isobutyl, 
tert-butylV pentyl, isopentyl, neo'pentyl, hepty'l , hexyl , and 

* . . . . 

decyl . 

Alkyl groups R 4 and R 5 • can be -perf luorinated or substituted 
by' 1-5 halogen atoms, 'hydroxy groups, C r C 4 alkoxy groups "C 6 -C 12 
aryi groups (which can be substituted by 1-3 halogen atoms) . 



.me 
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As aryl' radicals R' and S s , substituted and unsubstituted 
carbocvclic or heterocyclic radicals with one or mora 
heteroatoms, such as, e.g., phenyl, naphchyl, .furyl, thienyl. 
pyridyl. pyxazolyl. pyrimidinyl , oxazolyl, pyridazinyl, 
pyrazinvl, quinol*..' thiazolyl, which can be substituted in one 
or more places by halogen, OK, .o-.lkyl. C0 2 H, CO.-.Ucjfl. 

•Hi r r =rvl C -C acyloxy groups, are 
-NO,, -N 3 , -CN; C r C 2Q alkyl, C,-G M acyl , c, <- 2Q y 

suitable.' Heteroatcs in the heteroaryl radicals can be . 
' oxidized; thus, for example, the thiazole ring can be present in 

the form of N-oxide . ■ 

The nitrogen atom in the 2 -pyridyl radical. 2 -methyl -4- 
thiazolyl radical or 2-methyl-4-oxazolyl radical standing for X 
can also be present in the form- of the N-oxide. • 
■ • The . araucyl groups in r' and ' »' can contain in the' ring Up 
. to 14 C atoms, preferably 6. to 10 , and in the alxyl chain 1 to 8, 
preferably 1 to 4 atoms. As araBcyl radicals, for example, 
benzyl, phenylethyl. naphthylmethyl , naphthylethyl, furylmethyl, 
thienylethyl,' and pyridylpropyl are citable . . The rings can be 
substituted in one or more places by halogen, OH, 0-a lK yl. .CO* 
CO r al,yl, -SO,, -=»; C,-C 2 ,alfcyl. C,-C 20 acyl, C,-C 20 acyloxy 

groups . 

,- " T he representation of the new epothilone derivatives is . 
based on the Uncage- of three partial fragments A, B and C (0. . 
u , 51 200.3, date of ■ application 11/13/1997 as well as the 
- corresponding .ci/HM/OSO.*) . The interfaces are as indicated 
"in general' formula I ' (V and Z = oxygen) . 




in which- „ 

jjffarant aid mean hydrogen, C,-l, 0 
pii' c>b' £r = the same or a^-^ — u 

" . - r C ara^vl, or together a - (CZ,) . group 

with a = 2, 2, 4 or 5, 

F a,. R *< are the same or different and mean hydrogen, C r C,, 

' ai*vi, arvl, C 7 -C, ara-yl or together a -((=-.)„ grcu ? 
with n .= 2, 2, 4 or S, 

?_'- means C,-,Q--. , 1 — ' * 



R l3a , ^ 



mea ns hydrogen, 0*"*, Hal, OSO^, 

□> mean hydrogen. S0 2 -ai*yl, S0 2 -aryi, SO a -araUcyl or 
- . together a - (CH,) a group or together a C*W» group, 
R i3b f R i" ,ea, hydrogen, C r C 2Q alkyl, aryl , C 7 -C 20 aralkyi, 
. R ts.' # R «b are the same or different and mean hydrogen, C r C w 
' " ' alkyl, aryl,'C 7 -C 2Q arallcyi or together a -(CH 2 ) q group, 
Hal means halogen, 
o means 2 to -4 , 
q means 3 to 6 , 

^<= vpII as their mixtures, and 
• including all stereoisomers as *ell *s t- . ^ 

, ^ orh^TT f i ed or esterified in k 
free hydroxy! groups can be echeri— ea o 

•• v_- v^?i ized in A and R J / 
. ld p k free carbonyl groups, can oe k=ta-i-zea 

i _ ha , — educed, and free acid groups in- 
converted into an enol etna. o- -ecu 

* can'be converted into their . salts with bases. . • 

B stands for a C7-CU fragment (.epothilone numbering sys.em) 

of general formula • 



B 



in which /* . - ' 
, 8 ans hydrccan, C,-C,, al:,yl , 

,J. a- f« or different a*d hydros**, C,-C 10 

with o«2. 3, 4 or =, 

? v ^ s *vdro=ar., C,-C i0 .l*yl. aryl, C 7 -C, «. 1*1. 
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HO OH HO H 
H,C-CH, HC=CH f C=C ( HC ^ CH , , *? <? , 

D -E means a group h h h h 

v means an oxygen atom, two allcoxy groups OR' 7 , a <yc l0 
alky lene- a ,,-dioxy group, which can be s traight -cha.n 

or branched or K/OE 16 , 
w m eans „ ««» «oi. t«o alicoxy groups OP.-, a C 2 -C, 0 
allcy l.n.-«3-diox y group, which can ',e .enUft-Au- 

or branched or H/OR 13 , 
R <*. R -, independently of one another «.«> ~ * 

. protective group PG 1 
pir. . ind eoendently of one another, mean C r C M alkyl . 

C " stands'for.a C13-CX, fragment (e ? othilone numbering 
■ system) of general formula 



U 




OR" ^ 



which 



means hydrogen, C r C, g ailcyl , aryl , C 7 -C, 0 aralkyl, waic; 
can ail he substituted, and 
means a hydrogen atom, 

„„. a hvdrocan or a prct.ctiv. croup P*. 

5S . S a hydros =rou P , hal=«n, a protected hydros 
e.ou. 0*. « p.osphcniu. halide radical ^h-HaV ,» 



S 2C 



■=--■■■ 



3 



le 



' phenyl; Hal = F , CI, Br, I), a ' phosphonate radical 
- P(0) (OQ) 2 '.(Q = .G r C lfl alkyl or phenyl)' or • a .phosphin 
. oxide radical P (0) Ph 2 '(Ph = phenyl) , 
' u means an oxygen .atom, two. alkoxy groups OR 23 , a C 2 -C 1Q 
' allcylene-a^-dioxy group, which can be straight-chain- 
' -or branched, H/OR 9 or a grouping CR 1Q R 1 \ " . 

• . whereby 

R 23- stands for a C r C 2Q alkyl radical, , 

• R 9 stands for hydrogen or a protective group PC- 3 , . 
.• R 10 ; , R u are the same or different and stand for . 

hydrogen, a C r C 2Q alkyl, aryl, C 7 -C 20 aralkyl 
" radical or R 10 and R 11 together - with the methylene 

"carbon atom commonly stand for a 5- to 7-membered 
carbocyclic ring. .. . . 

.' Substituents in partial fragments A, B, C: 

r,1a- --plb' R 2a>-- R*>', R 3' ( R 4 ',R 5 ', R 3 ' , R 9 

As alkyl groups R' , R , * .,>. • 
H"'; R«,' R 13b . R 14h , R 15a , R 15b < R,? and R 23 , straight-chain or 
branched-chain alkyl groups- with 1-20 carbon atoms can be 
considered, such as, for example/ methyl, ethyl, propyl, ' 
isopropyl, butyl, isobutyl , tert-butyl , pentyl, isopentyl,- 

neopentyl, heptyl , " hexyl , decyl . . 

p1a , .p W . R 2-' R 2b' f R 3 ' , R 4 ', R 5 ' , R a ' ; R 9 , ' 
Alkyl groups R , R > *> > 

R ,2 . R i3b' ( R ub ; R «.;; R ^'=; R 17 and R 23 can be .perf luorinated or 
substituted by 1-5 halogen atoms, hydroxy, groups, C r -C 4 alkoxy 
groups., C 6 -C T2 aryl groups (which can be substituted by 1-3 

halogen atoms) . ■ . 



R 10 
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As aryl radicals R- , R 1 " , R 2a ' , ^ ■ ■ ■ & • **' > *"< 
r,n D 12 w 13b R ub R 15a and R 1Sb , substituted and unsubstituted 
carbocyclic or heterocyclic radicals with one or more - 
heteroatoms, such as, e.g., phenyl, naphthyl, f uryl , thienyl, 
pyridyl, pyrazolyl,. pyrimidinyl, oxazolyl, . pyridazinyl , 
pyrazinyl, quinolyl, thiazolyl, which can be substituted in one 
or more places by halogen, OH, o -alkyl , . C0 2 H, C0 2 -alkyl, -NH 2 , . 
-N0 2 , -N 3 , -CN, C r C 20 alkyl,-C r C 2Q acyl, C r C 2Q acyloxy groups, are 
suitable; Heteroatoms in the heteroaryl radicals can be 
oxidized; thus ; for example, the.thiazole ring can be present ..in 
the form of N- oxide. 

The arralkyl groups in R 1a ' , R 1 " , R*\ R*V * 3 \ r4 ' ' 
■ r9 • R 1Q ( r1\ R 12 , R 13b , R Uh , R 15a and R 15b can contain in the ring up 
to . 14 C 'atoms, preferably 6 to 10, and in the alkyl' chain 1 to 8 , 
preferably 1 to 4 atoms. As aralkyl radicals, for example, 
benzyl,, phenylethyl, naphthylmethyl , naphthylethyl , furylmethyl, 
thienylethyl, and.pyridylpropyl are suitable. The rings can be 
■substituted in one or more places by halogen, OH, O-alkyl, CO.H, 
' C0 2 - alkyl, ■ -N0 2 , -N 3 , -CN,' Cl -C 2Q alkyl, C T -C a acyl, C r C 20 acyloxy 
groups . 

" As representatives of protective groups PG, alkyl- and/or 
■ aryi-substituted silyl, C r C M alkyl, C 4 -C 7 cycloalkyl, which in 
' addition in 'the -ring can contain .an oxygen atom, aryl -C 7 -C 20 
aralkyl, C r C ao acyl and aroyl can be mentioned. 

As alkyl, silyl and. acyl radicals for .protective groups PG, 
the radicals that are known to one skilled in the art are 
suitable.. Preferred are alkyl or silyl radicals that can be 
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easily cleaved from the. corresponding alkyl and silyl ethers, 

such as, for example, the methoxymethyl , methoxyethyl , 
ethoxyethyl, tetrahydropyranyl , tetrahydrof uranyl , 
trimethy.lsilyl, . triethyls i.lyl , . tert -butyldimethyisilyl ' tert - 
butyldiphenylsilyi; tribenzylsilyl , triisopropylsilyi , benzyl, 
^ra-nitrobenzyl/para-methoxybenzyl radical as. well as . . 

'alfcvlsulfonyl and arylsulfonyl ' radicals . ' As acyl radicals, e 
formyl, acetyl , propionyl , isopropionyl , pivalyl. butyryl or. 

' benzoyl , ' which can be substituted with amino and/or ' hydroxy 
'groups, are suitable. 

"acy! groups PG* or PG< in R» and R» can contain 1 Co 20 
carbon atoms, whereby formyl, acetyl. .propionyl, isopropionyl and 

pivalyl groups are. preferred. 

index . in the alxylene group that is formed from and. R . 

pref erably stands "f or 2, 3 or. 4 . : 

. The C,-c, 0 allcylene-c,.5.-dio : cy:;.-grou P that is possible for X is 
preferably an ethyleneketal- or neopentyllcatal group . 

T his invention provides for. for example, the following 

variants of the compounds of general formula 

Compounds of formula I, in which R a is a hydrogen atom; 
compounds of formula I. in which »• is a methyl group; . 
compounds of formula I.', in which R« is a hydrogen atom, and 

r 2 is an ethyl- group; 

~ * r.^u t ' in which R 3 means a hydrogen atom, 
Compounds of formula i, m 

and R la and R 1t = together mean a trimethylene grou ? ; 

^ r^,,!, t in wh^ch R a means- a hydrogen atom, 
Compounds or formula I., m 

/ and R 1a and R 1b together mean a trimethylene group; 
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Compounds of formula I, in which R a means a methyl group, 
'.and R 1a and R 1b together mean a trimethyiene group and X means a 

2-pvridyl radical; 

' compounds. of . formula.! / in which- R a means a hydrogen atom, 

and X means a 2-pyridyl radical; 

Compounds 'of formula'!, in which R 2 means an ethyl group, R 1 '. 
. and R 1b together mean' a trimethyiene group , and X means' a 2- 
pyridyl' radical; 

.' compounds ' of formula I, in which R a means, a hydrogen atom, ■ 
r h rae ans an ethyl group, 'and R- and R 1b together mean a ' 

trimethyiene group;, 

Compounds of formula i, in which- R* means a hydrogen atom, 
r2 me ans an ethyl- .group , R 1a and R* together mean a trimethyiene 
group and X means a 2-pyridyl radical. 

■' in the • case of an alkyl group , . R A and R 5 primarily mean a 

-methyl group. . 

The invention- relates in particular to the compounds:' .. 

• (4S,7R,8S,9S,13(E or Z),16S(E))-4,8 -Dihydroxy- 16 - ( 2 .- 
m ethyl-4-thia 2 olyi)ethenyl)-l-oxa-5,5,7,9,13-pentame^ . ■ 

cyclohexadec-13-ene-2, 6-dione 

(1(S or R),3S'( E ),7S,10R,ia5,12S;i 6 R)-7,ll-Dihydroxy-3^U-(2. 

■ • methyl -4 - thiazolyl ) ethenyi) - a , 8., 10 , 12 , IS -pehtamethyl -4 , 17 - . 
•■dioxabicyclo[14'.1.0lheptadeca-5,9-dione.' 



(1(R or s),3S(E) l 7S,10R,HS,12S,l6S)-7 f ll-Dihydroxy-3-(2-(2- 
m ethyl-4-thiazdlyl)ethenyl)-a,8,10,12,lS-pentamethyl^ 
dioxabicyclo [14 . 1 - 0] heptadeca-5, 9-dione. 

(4S,7R,8S,9S,13(E'or Z).,16S(.E) ) - 4 , 8 -Dihydroxy- 7 - ethyl - 16 - ( 2 - 
(2-metkyl-4-thia 2 olyl) ethenyl) r i-oxa- 5 / 5 , 9 ,1'3 -tetramethyl- 
. cyclohexadec-13-ene-2,.6-dione 

' (i(S or R),3S(E),7S,10R,11S,12S,16R)-7,11-Dihydroxy-I0- - 
ethyl-3-(2-(2-methyl-4-^^ 

4 , 17 -dioxabicyclo [14 . 1 . 0] heptadeca-5 , 9 -dione 

(1(R or S) , 3S(E) ,73, 10R, US, 12S,16S) ; -7, ll-Dihydroxy-10- 

^thyl-3- : (2-(2^^ 
4,.l7-dioxabicyclo[14.1.0]heptad£ca~5, 9-dione . 

(4S,7R,8S,9S,13(E or Z) , 16S (E) ) -4 , 8 -Dihydroxy- 16 - (l-methyl- 
2- (2-pyridyl) ethenyl) -i-oxa-5 , 5- (1, 3 -tr Methylene) -7, 9/13.- 
trimethyl-cyclohexadec-13-ene-2,6-dione. 

'/ (KS- cr R), 33(E), 73, 10R, US, 123, 16R)-7,ll-Dihydroxy-3-(l- . 

' methyl-2- (2-pyridyl) ethenyl) -8, 8- (1, 3 -tr Methylene.) -10,12,16- 
trimethyl-4, 17 -dioxabicyclo [14 .1 . 01 heptadeca-5., 9-dione 

(i(R or s),3S(E),7S;i0R,llS,l2S,l6S)-7,ll-Dihydroxy-3-(l- 
' methyl - 2 - ( 2 -pyr idyl-) ethenyl ) - 3 , 8 - ( 1 , 3 - 1 r ime thylene ) - 10 , 12 , 16 - 
' trimethyl-4 , 17 -dioxabicyclo [14 .1.0-1 heptadeca-5 , 9 -dione 
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(4S,7R,3S,9s",13(E or Z) ,16S(E) ) -4 , 8 -Dihydroxy-lfi - (2 - (2 - 
n.ethyl.-i-tliiazoLyirethenylJ-l-oM-S.S-tl^-triHiethyleneJ-T^.lS^ 

trimethyl-cyc.loiiexSidec-13-ene-2,6-dione 

(1(S or R.),3S(3)',7S,10R,HS.,12S,16R)-7,il-Diiiydroxy-3-(2-(2- 
methyl-4-thia2oIyl)etiienyl)-a,a-(l,3-tri m ethyLene) - 10 ,-12 , IS-; 
trimethyl-4 , 17-dioxabicyclo [14 : 1 • 01 heptadeca-5 , 9 -dione 

/ ~ ■ ' . • . . . . 

. (1(R or.S),3S(E),7S,10R,llS,12S,1.6S)-7,ll-Dihydroxy-3-(2-(2- 

. m ethyl-4-thiazolyl)ethenyl)-8,8- ( 1 ^ - tr imethylene ) -10 , 12 , 16 - . 
trimethyl-4, 17-dioxabicyclo [14, 1.0] heptadeca-5, 9-diorie 

' (4S,7R,aS,9S,13(E or Z) , 16S (E) ) -4 , 8 -Dihydroxy- 16 - (2 - (2 - 
pyridyl) ethenyl).-l-oxa-5 , 5,7, 9, 13 -pehtaruethyl-cyclohexadec-13 - 
ene-2, 6 -dione . 

(1(S or R),3S(E),7S,10R,llS,12S,16R)-7,ll-Dihydroxy-3-(2-(2- 
pyridyi)ethenyl) -8, 8, 10, 12,16 -pentamethyl -4, 17- 
dioxabicyclo fl4 . 1 . 0 1 heptadeca-5 , 9-dione 

■ (1(R or S),3S(E),7S,10R,llS.,12S,l6S)-7,ll-Dihydrox y -3-(2-(2. 
pyridyl) ethenyl) -8 , 8 , 10 , 12 ,16 -pentamethyl- 4 , 17 - 
dioxabicyclo [14 .1.0] heptadeca-5, 9-dione ■ 

■ (.4S,7R,8S,SS,13(S or Z),16S(E)))-4,8 - Dihydroxy - 7 - ethyl - 16 - 
( i - me thy 1 - 2 - ( 2 - pyr idyl ) e t heny 1 ) - 1 - oxa - 5 , 5 - ( 1 , 3 - 1 r ime thy 1 ene ) - " - 
9, i3-ditnethyl-cyclohexadec-13-eiie-2 , 6 -dione 
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' , 1(S or.R),3S(E),7 S ,10P.,ll S ,12S.l S W-7.H-Diiiydr O x- / -10- 
eth vlO-(l- me thyl-2M2-pyridyi)eth e nyl,-8,a-(l,3-t S i 1 ue t hyi e ne)- 

12 , is .-ditatHyl-4 , 17 -dioxabicyclo [14 . 1 . 0] heptadeca-S . 9 -dioae 

,1(R or S),3S( E ),7S,10 R ,11S,12S,16 S )-7,11-Dihydroxy-I0- 
.t^l-i-d-- t hyl-2-(2-pyridyl)e Cil en y l)-8,a-: ( l'.3-tri.et 11 ylene)- 
1 2 , l S -dimethyl - 4 ; 17 ^dioxabicyclo [14 . 1 . 0 i heptadeca- 5 . 9 -dio.e 

Usvt*. .s, w « or .«,i«s («) >'-4, .-DihydW-?-."*!*-^ «- 
• u ^thyi-4-tw«oiya>.ti»»yx> -i-o~-s^- .i.»-tri».t hy i«.>-»;«- 

dimethyl-cyclohexadec-13-eae-2,6-diori e - 

■(lis or R ).3S(E);7S.10R,11S,12S,16R)-7,11-Dihydroxy-I0- 
ethyl-3- (2- U-methyl^-thiazolyU .th»ylL-. - U, 3-trimethylene, - 
: 12 ,l S -di m etayl-4, 17 -dioxabicyclo [14. i.ol heptadeca.S , 9-dio.e . 

,1,R or s,. 3S(E) ; .7S.10 R ,11S, 123.165,-7, ll-Dihydroxy-10- . 

. . thyl .,. (2 - U -„ rt yl-,«-thl«olyl) ethenyl. -8. <- ,1.3-tri^yl.n.. • 

„ l S -di m athyl-4,17-dioxabi=yclo. t 14.1.01hep t adeca-5, 9 -dion e 



'• • ic<=fpn-4 8 -Diiiydroxy-7-efhyl-l6- (2 

(4S,7R,8S,9S,13 (E or Z) ,1SS(E) ) 4 , y 

^' r ™ 5 5-9 i3-tetramethyl-c'yclohexadec-l3- 
(2-pyridyl) ethenyl) -i-oxa-5, 5, s» , J-» u. 

ene-2 , 6-dione 

' - ,i, S or R,,3S ( E)',7S,10R,llS,12S.l S R)-7;il-Dihydroxy-10- 
ethyl-3 - (2- (2 -pyridyl) ethenyl) -a . a ; 12 , 16 - tstramethyl-4 , 17- . 
dioxabicyclo (14 . 1 . 01 hepcadeca- 5 , 9 -dione 
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(l.(R or s)-,3S(E),7.S,10R,llS,12S,lcS)-7,l.l-Dihydro:c/-I0- 
ethyl-3- (2- (2-pyridyl) etheuyl) -8 , 8 , 12 , is'- tetra.eehyI-4 , 17- 
dioxabicycl.o [14 . 1 . 01 heptadeca-5 , 9-dione 

- (* S '7R,8S,9s/l3(E or Z) ,l6S(E))-4,8 -Dihydroxy- 7 - ethyl. - 16 - 

(2 - pyr idyl)ethenyl)-l^^ 
cyclohexadec-13-ene-2,S-dione 

■ . ,1(S or R ).3S(E), 73^.113.125, xeRl-T.H-Dihydrcxy-lo- 

ethyl-3 - (2- (2-pyridyl) ethanyl) - 8 , s - ( 1. 3 - trimethylana) -12 , 16- 
din l ethyl-4,17-dloxabl=yclotl4-.l,0.1hep C ad £ ca-5. 9 -dione ' 

(1 {R or S ) , 3S (E) , 7S , 10R, lis , 12S , i6S ) V7 , 11- Dihydroxy - 10 - .. 
ethyl - 3 - ( 2 -pyrldyl. ethinyl) - 8 . 8 - <1 . 3 - ^methylene > -12 , 16 - " 
dimethyl-4 , 17-dioxabicyclo H4 . 1 . 0] haptadeoa-5 , 9 -dior.e 

- ( 4S.7R,aS,9 S .13Z,16S ( E))-4.8-DihydrOxy-l 6 -(l— thyl-2-U- ■ 
pyridyl)a t henyll-l-=xa-7-propyl-5,5,3,13-te C rameth y i- 

cyclohexadec - 13 - ene - 2 , 6 -dione 

( lS,3S ( E,,7S,10R.llS.12S,l 6 R)-10-^P^-7,ll-^y*— y-3"d 
i meC hyl-2- (2-^oxidopyridyl) .th.nyD-8 . ..12. lS-tetra^thyl-4 . 17- 
dioxabi'cyclo [14 . 1 . 01 heptadeca-S , 9 -dioae 

( 1R, 3S (.) . 7S, 10R, IIS ,12S , 1<S) -10 -Propyl-7 . ll-dihydr=*y : 3 - U 
m ethyl-2- (2-N-oxidopyridvl) athenyl) -8,8. 12 . IS - tatra^ethyl- 4 . 17 - 
dioxabicyclo 1 14 . 1 . 0 1 heptadeca- S , 9 -clone 
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US,3S(E),7S,10R,llS,.US,X6R)-10-PropYl-1.11-dihydrox- / -3-(1-. 
m e t b.y 1 - 2 -(2-pyridyl)a t h e nyl)-8,a,12,16-te t r : a ra ethyl- 4 , 1 .7- 

dioxabicyclo 114 ■ 1 ■ 0.1 Heptadeca-S , 9 -dione 

■' (i».3S(i) ,7 S ,10R,llS^2S',l S S)-10-Propyl-7, l l-dihydro;cy- 3 -(l- 

dioxabicyclo(14.1.0)heptadicane-5,9-dion S ■ ; . 

" (4S,7R; 8 S, 9S .13 E .l 6 S( E ))-4,a-Dihydroxy-l S -(l-mat ll yl-2-<2- 

cyclohexadec-lS-ene-J-.e-dibiie . ' 

- •■ (1R ,3 3 ,E), 7S,io*,ixs,x2S, x SR >-xo-Propyl-7, n-dihydroxyo-d- 
raet hyl--2- ( 2: H -oxido P yridyl) e than y l..- 8 .a,12,l S -t, t ra m e th yl- 4 .17- 

: dioxabicyclo[14.1.0]hep t ad e ca-S,9-dion e . 

met hyl-2- (2-N-o.idopyridyi) ethenyl, -3 , 8 . 12 , 17- 
dioxabicycio 114 . 1 . 01 heptad e <:a-5 , 9-dione 

•■ U „ «,) .7., .«» -x.->r^7.»-^*^'- 

me thyl-2-(2-py. i dyI)e C henyl)-a,e,12,l S - C «ra m e C hyl-4.17- 
'dioxabicyclo[14.1-0'lHeptade=a-S,3-dioiie , ' . 

US , 3S (» . 7S , 10R. IIS, US , 1SS) - 10, Propyl - 7. XX-dihydroxy- 3 - (1 
dioxabicyclo (14 .1.01 heptadaca-S , 9-dione . 



application »/U/.l*»7 « « t! » "W"* 1 "" 

nc^/EPSS/OSOo^). 

It i3 known that the .compound of. the following formula - ; 




M be used for synthesis of the CX-CS fragment (epothilone 
Bering' system) of epothilone , (Schinser et al . , Che.. Bur. *. 
1996 , 2 , 11, 1,77-1,8.2, Schinzer et Angew. Che.., 1»7, 

109, NO.- .5, PP- 543-544) . . 

' t h< s svnthesis has the drawback that .. the total yield at 
1Q s% being very low, the necessary introduction of chirality at 
C-atom 3 retires the synthesis «a costly, chemically unstable 

, t ,- t c - be used in equimolar amounts and cannot 
choral aajuvanc th*«- c — 

- ^ d '- t abour ao% the optical induction that this 
be recovered, -ana ct a-.au _ 

. provides is incomplete. _ ^ 

' ret an industrially .applicable synthesis, h=va«r, ^ 
vHeids and high optical purity ar, r. S cassary. 

m»n=.w. <*«.. «*. **■ i/2 ' i10 " 112 ' 

of a (Cl-CSlWn"* with a car,o:cyl S r«« at.C-,. 
can b . .sad tor tt. ^hesis o f e.othilona or epothilone 



OTBS O 



.. 1= .:t.,-n is described bv Nicolaou et al. . 
(T3 c = tert-butyIdimeciiylsj.1/1) c.es_-_ 

T ^ereocfce*isty at C3 is controlled bv the reaction with the 
B-own reagent :allyiisopinocamphenylborane ( + ) - ipc* (allyl) , which 
Mt be introduced into the reaction in an .qui-ol.r -ratio and . 

cannot be recovered. 

. • for svnthesis of epothiione A ana 

Tbe use of this component ^or s/nu— 

- „ ^ so^apoUiXone anao 9 s in-tuxe, Vol.. 3.7. »m. PP • 
' ;„ £ot t*. synthesis of .potUloa.;* and its derivatives in 

Co..' SOC.; Vol. I-. -O. ^ 
■svlt.es is of epothilo,e * and B «A see epot.ilone analog, xn - 
2 SOC, VOi: I-, HO. 3 4 «3 9 7, PP. 7,74-7,11 is also 

d-scribed by Nicolaou et al . 

production of epothiione A- analogs by means of 

.7 so ^-.,ase synthesis is also described by Nicolaou 

conciliatory sol-- ? — 

... ^.w. 0»«. 1337. 103, NO. 13, pp. 2131-2137. 

^-; 1r7 - a =. a , a lcc3. As CI-CS ccmpon=nc=, 
source also describes, eoou^iou. ^ - 

the compounds below are used: 






F = i tti 
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For an industrially applicable synthesis, it is advantageous 
lf th e synthesis can be' performed without costly ohirai auxiliary 
groups . 

•The object was therefore to find, a suitable' synthesis that 
produces high yields, produces the desired product in high 
optical purity and does not require costly chiral auxiliary 
groups . 

in addition, the new synthesis should allow a broader 
variation^ substituents in this component and thus ultimately 
allow the eoothilone derivatives to" be produced . therefrom . 

The partial fragments (synthesis components) of general 
•formula A can be easily produced. as starting products from 

a) a'pantolactone of general formula Ha 



O 43 R 

HO^X\ lla 



-O 

c/ 



in which 

? ja', R lh ' in each case stand for a methyl group, or 

I) a maionic acid dialkyi ester of general formula XXVIII 



R 4 \ ,R ia 



AJkyi-OjC C0 2 -Alkyt 



XXV! II 



?J*' have the meaning chat is indicated in general 



of one another, .mean a C, -C 20 • alky J. , 



formula A, ana 
slkvls, independently 

■C 3 -C ia cycioaikyl or C 4 -C ffl alkylcycloalkyi radical. 
Partial fragments A, in which R' a ' =R lb ' methyl , can be • 
efficiently produced from inexpensive pantolactone with- an 

optical purity of -»9a*. 

The synthesis is described in d i agr a m reaction scheme 1 below in the 
example of D-(-)-pantolactone. From L-(+)-pantolactone are obtained the 
enantiomeric compounds ent-A-ll to ent-A-XIV that correspond to A-ll to A-XIV, 
and from.racemic DL-pantolactone are obtained the corresponding racemic 
compounds rac-A-ll to rac-A-XIV: 



Diagram Reaction scheme 1 



1a' R lb' 



-II 



R 1a' R 1b' 
O 

A-ill . 



R 1a' R lb' 
HO 

A- IV 



R la' R ib< 



OH 



A-V 



R 1a' R 1b' 



OPG 



-5 



OPG 



A-VI 



OPG 5 




OH OPG 4 

. A-VI I 



R 1a' R 1b' 

OH OH 
■ , A-VI 1 1 



R 1a' R 1b' 



OPG- 



o o 

15a/\l5b 
A-IX 



R 1a' R 1b' 



OH 



15a/ R 15b. 

A-X " ' 



R 1a' R 1b' 
^O 



o o 

153^\l5b 

A-Xl 



0^.0 HC 



R l2' R 1b' R * 

V" ' 



R2&' n k 




A-XII 



A-XIII 



A-XIV 
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SC2D a '(A-H ##« A-III): 

The free hydroxy group o£ pantolactone (A-II) i. protected 
according to the methods that are known to one billed in the 
a- t Rs protective group PG\ the protective groups that are 
toowr to one skilled in the art, such as. e.g., .nethoxymethyl . 
methoxvethyl, ethoxyethyl. tetrahydropyranyl, tetrahydrofuranyl, 
'triraethylsilyl/triethylsilyl, tert-butyldi m ethylsilyl, tert- > 
outyldiphenylsilyl, tribenzylsilyl,' triisopropylsilyl, benzyl, 
para-nitrobenzyl. para-.etnoxybenzyl, . £or m yl. acetyl, . propionyl. 

,.'.„,„,,„, butyryl or benzoyl radicals are suitable, 
isooropionyl, pivalyl, m-tyty 

" R survey is found in, e.g., .protective Groups in Organic ; 
synthesis" "Theodora W, Green, John Wiley and Sons) . 

.referred are those protective groups that can be cleaved 
under acidic reaction conditions, such as, e . g . . methoxymethyl . 
tetrahydropyranyl, tetrahydrofu^nyX , and tri m ethylsilyl , 

radicals . - 
■ Especially preferred, is the tetrahydropyranyl radical. 

Step b (A-IH «# A" • . 
' ■' Protected lactone i. reduced to .lactol, A-IV. As a 

- ^v^rirtPS that are modified in their, 

reducing agent, aluminum hydrides tna. a 

' ^activity, such as, e.g. , . diisobutylaluminum hydride, are 

suited The taction is carried out in an inert solvent such 
as , e.g., toluene, preferably at low temperatures , . 



Step c (A- IV ### A-V) : ... . 

Lactoi A-IV is opened up' to form hydroxyolef in A-V while . 
expanding by one C atom. ' For this purpose, the methods that are 
Vknown to one skilled in the art, such as, e.g., olefination . 
according to Tebbe, the Wittig or wittig/Horner reaction, the ■ 
addition' of an organometallic compound with dehydration, are 
suitable! -Preferred is the Wittig reaction with use- of 
methyltriarylphosphonium ha 1 ides, such as, e . g . , ■ 
' methyltriphenylpho-sphonium bromide with 'strong bases,' such as, 

e.g., n-butyllithium, potassium- terf-butanolate , sodium ... 
: ethanoiate, and sodium hexame thyldis ilazane ; as' a. base, .n- ' 
butyllithiam is preferred. 

Steo d (A-V A-VI) : 

" The. free hydroxy group -in A-V 'is protected according to the 
m ethodsthat are known to- one - skived in the art.'. As protective- 
group PG', the protective, groups that are known, to one skilled in 
the art,- as were already mentioned, above for PC\ in step^ a (A-II 

### A-IID ,' are suitable. ■• 

j 'i-v,«eo nmt-ertW" qroups that can be cleaved 

' Preferred are those proceccivw yj-w^w 

under^e action of fluoride, such as. e.g., the trUethylsilyl, 
t.rt-butyl<ii«.thyl.llyl/ tert-butyldiphenylsilyl, .tribenzylsilyl, 
and triisopropylsilyl radical.' . . '• . _ * 

' Especially preferred is ' the tert-butyldimethylsilyl, the " . 
triisopropylsilyl and the tert -butyldiphenylsilyi radical. ■ 



SteD e (A-VI #S# A-V1U : 

Water is added tc the double bead in A-VI in an ant i- . 
Marxovni*ov orientation. "For this purpose, the processes that- 
are toown to one billed in the art, such as, e.g., the reaction 

boranes, their subsequent oxidation to the corresponding 
bo r< = acid esters and their saponification, are , suitable . ..As 
boranes, e.g., the borane-tetrahydrof-uran co m pl*x, the borane- 
dim ethvl sulfide couple,, S -borabicyclo [, . 3 . 1, ncnane in an mert 
solvent such- as, for example, ' tetrahydxofuran or diethyl ether, 
ar e preferred.- As an oxidizing agent, preferably hydrogen 
peroxide is used; for' saponification of the boron esters , 
' preferably! alkali hydroxides, such as, e . g. , sodiu. hydroxide , 



are used. 



■ seen f (A-VI ##'# A-VII) : , . . • 

■ ; ' protective group PG' that ^introduced under step .a» is now 

cleaved according to the processes that are Known to' one billed 
' in the art. If - this is a protective group that can be cleaved 

acidically, then cleavage can be accomplished with dilute mineral 
' acids in aqueous-alcoholic solutions and with the aid of 
' catalytic amounts of acids, such as, e.g. , para-toluenesulfonic 

acid, para-toluenesulfonic -acid-pyridiniu. . salt , 

acid in' alcoholic solutions, preferably in ethanol or 

isopropanol. 



2 6 



Step g (A- VII ### A- IX) :• 

■ " common protection of the two alcohol functions of the mono- 
protected 1,3-diol in A-VII is possible under acidic catalysis by 
"direct totalization with a. carbonyl compound of general formula 
R i53_co-R 15 '° or by retotalization with a total of general . formulas 
R l3a. C (OC 2 H 5 ) 2 -R 1 -, R^C(OC A ) 2 -R-, R«-C (OCH.C (CH,) ? CH,0) . in 
which in each- case R 15a and R 15b have the -above. indicated meanings, 
as acids, the' acids already mentioned under step f) are suitable; 
the' use of para-toluenesulfonic acid optionally with the addition 
of.-copperUI) or cobalt (II) salts, such as, e.g., copper (II) 
sulfate, is preferred. 

Step h (A-VIII ### A-IX) : " - ' ■ 

■ /protection of the two alcohol/functions of 1,3-diol in A- 
VIII i. possible under acidic catalysis by direct totalization 
with' a carbonyl compound of general formula R 15a -CO-R 15b , or by 
^totalization with a total of general formulas R--C (OC 2 H 5 ) 2 -R 15 °, 
R«.-ClOC A y 2 -R" h . R^C.(OCH 2 C(CH 3 ) 2 CH 2 0)-R- b -, in which in each case 
R^a and R 15b .have the above- indicated meanings. Retotalization . 
preferably with 2 , 2 -dimethoxypropane is preferred. As acids, the 

• acids that are .already mentioned under step f) are suitable, and 
^the use'of.camphorsulfonic acid is' preferred. 

SteD i (A-IX ### A-X) : 

' Protective group introduced under step d». is now cleaved 

according to the process that is Known to one silled in the art. 
rt this is a silyl ether, then the reaction with fluorides . such 
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a3 ■ for exam D ie, tetrabutylammonium fluoride, hydrogen fluoride- ; 
pyridine complex, potassium fluoride or the use of dilute mineral 
'acids, the use of catalytic amounts of acids, such as, e.g., 
p^a-toluenesulfonic acid,., para-toluenesulfonic acid-pyridinium . 
„lt. camphorsulfonic.acid in alcoholic solutions, preferably in 
" ethanol or isopropanol, is suitable for the cleavage. 

Step k (A-X SSS A-XI) : . . 

The oxidation of the primary alcohol in A-X to aldehyde x. 
carried out according to the methods that are known to one- 
skilled in the art. For example, the oxidation with pyridinium 
chlorochromate, pyridinium dichromate, chromium trioxfde .pyridine 
' complex, the oxidation according to Swern or related methods, ; 
■■. g with use of oxalyl chloride in dimethyl sulfoxide, the use 
of Dess -Martin periodinane, the use of nitrogen oxides, 
e.g., H-methyl-morpholino-H-oxide'ln the presence of suitable 

. y, .a tefaDropylammonium perruthenate m 

catalysts, such as, e.g., tet-ay w 

■ ' Preferred is the- oxidation 
inert solvents, can be mentioned. Preferred is 

' ► „ s „« ra as well 'as with N-methyl-morpholino-N-oxide 

according to Swern, as wen 

using tetrapropylammonium perruthenate. 

■SreD 1- (A-X'I #S* A-XIl) : 

■■ " The reaction of aldehydes A-XI to form- alcohols of formula 
A .XII is carried out with organonetallic compounds of s .».r»r 
formula 4» which « stands for an alkali metal, 

.re-ably lithium or a divalent metal «. i» which X represents 
- 1 halooen, and radicals tf* and »- in each case have the above- 



• . . A n ...:. GC &« a divalent metal, magnes mm ana zinc are 
menuionec. mce.nj-ij.g- • — . 

- v c'^orine, bromine and iodine are 

craE=rr£u; n<=.iog<=i- — , — — ^ — < 

preferred. 

Step m (A-XII A-XIII) : 

The oxidation of the secondary alcohol in A-XII to ketone A- 
XIII , is carr i£ d out according to "the conditions that are • 
mentioned under step k) . The oxidation with N-methyL -*or P hol ino - 
■ N -oxide with use of tet rapropylammonium perruthenate is 
preferred. "> 

Step n .(A-XIII A-XIV) : 

If R 2a ' ■ in- A-XIII is equal to hydrogen," the possibility . 
exists of ' introducing for this purpose a second radical R 2 " ,. 
which has the above-mentioned meanings, excluding hydrogen. For 
this purpose, ketone in A-XIII inverted into the enolate with 
use of strong bases, 'such as, e.g., lithium diisopropyiamide , and 



nd 'of ceneral formula. X-R 2 "' , in which X 



halogen X, chlorine, bromine anc icaine 



reacted with a compcu 
represents a halogen. As- 
are preferred. 

The previously described path can also be used to synthesize 

v. r-" 1 rnni-;ir a C arb-GXV 1 1C 

CI-CS-epothilone components, *QiCu o., C - c- - - 

' * 

acid or esuers taa:=ui -<~vj 2 -. 

The synthesis of component A-XXII is described in D i agram reaction 
scheme 2 below in the example of intermediate stage A-V that is derived from D- 
(-)-pantolactone. The enantiomer compounds ent-A-V to ent-A-XXVII 
corresponding to A-V to A-XXVI I are obtained from L- . 
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,,,-pantoiactone, and the corr.spon.ding racemic compounds rac-A-V 



to rac- 



a-XXVII are obtained from racemic DL-pantolactone : 



Ringr 1 ™ Rgflrtinn scheme 2 



A-V- 



R ia' R lt>' 



OPG 4 

A-XV 



R 1a' R 1b' R2a' 



R 2b' 



OPG 4 OH 
A-XVI 



R 1a' R 1b' R2a' 
QH OPG 4 OH 

A-XVI I 



PG°Q 



R 1a' R 1b- 
OPG 4 OH 

A-XVIII 



R 1a' R lb' R2a' 



i2b' 



PG e O OPG 4 O 
A-XIX 



R la' R ib' R 2a ' ' 

rrSr r26, 

OH OPG 4 O 

A-XX 



A-xvn ^ u 



A-XX 




13b 
R O 



R 1a' R 1b' r23' 

O OPG 4 O 

A-XXil 



A-Vll- 




CPG- 



. 13b 

y y R o 



OPG 5 



13b 
R O 



R-a'R 1b ' 



C OPG 4 

A-XXIV 



OH 



O OPG 4 

A-XXV 



aa 




A-XXVl 



13b 
R O 




OPG 4 OH 

A-XXVII 



ac 



-> A-XXli 
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StSD O (A-V .A-XV) : • 

The -oxidation of the primary alcohol in A-V to aldehyde A-XV 
is carried out .according to the conditions that are mentioned ... 
under step *)', The oxidation process according to Swern is.- • 
preferred . - . 

Step- P (A-XV «*# A-XVI) : 

The reaction of aldehydes A-XV to form alcohols of ■ formula 
A .XVIis carried out with organometallic compounds of general 
formula in which H stands for an alkali metal, 

■ preferably lithium or a divalent metal . KX. ' in which X represents 
a halogen, land radicals R- and R- in each case have the ahove- 

■ me ntioned meanings. As a divalent metal, magnesium and zinc: are 
: preferred; as halogen X, chlorine, bromin. and iodine are 

preferred. - 

Step a (A-XVI.. ### A-XVII): ■ 

• water is added, to the double bond in A-XVI in- an anti- . 

■ - - = h^n For tHis purpose, the processes that 
Markovnikov orientation. . For cms y y 



are 



described under e) are suitable. 



Step r (A-XVII ### A-XVIID : . 

' The free hydroxy group, in A-XVII is protected according to 
' the methods that -are known to. one skilled in the art . As 
p.otective'group PC*, the protective groups that are known to o 
skilled, in the art., as -were already mentioned above for ^ m 
step a (A-II ### A-III), are' suitable . 
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■ Preferred are those' protective groups that can be cleavea 
under basic or hydrogenoiyt ic reaction ' conditions , such as, e.g. , . 
benzyl,' para-nitrobenzyl , acetyl, propionyl, butyryl and benzoyl ■ 

radicals . -. ^ 

. Especially preferred is the benzoyl radical.-. _ 

Step s (A-XVTII A-XIX) :" 

The oxidation of . the secondary alcohol inA-XVIIto form 
.ketone A-XIX ' is carried, out . according to ' the conditions that are 
mentioned under step k). Preferred .is the oxidation with N- 
methyl-morpholino-N-oxide. with use of tetrapropylammonium . 
perruthenate . 

Step t (A-XIX ### A-XX) : . - • 

Protective- group PG 6 in XIX is now selectively cleaved. . It 
' this is a hydrogenolytically clea*4ble protect ive group, then it 
- is preferably hy.drogenated in' the presence of palladium or ^ 

platinum catalysts in inert ■ solvents , such. as, for' example, ethyl- 
' "acetate or ethanol. If this -is a basically cl-eava-ble protective . 
group, then" saponification. with carbonates in alcoholic solution, 
' such as/e.g. potassium carbonate in methanol, saponification.. 
' with aqueous solutions of alkali -■hydroxides such as, e.g., 

lithium' hydroxide, or sodium hydroxide, are preferably used while 
employing organic, water-miscible solvents,- such as, e.g., 
methanol, ethanol, tetrahydrof uran or dioxane . 
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Steo U (A-XVII A-XXI) : . 

The oxidation of alcohols in A-XVII. to form ketoaldehyde A- 
XXI is carried out according . to the conditions that are mentioned . 
unde , step k) . Preferred ..is the oxidation, with N-methyl- 
m orpholino-N-oxide with use of . tetrapropylanunonium p.erruthenate. • 
and 'the method according to Swern. 

Step V (A-XX ### A-XXI) : 

• The oxidation of the primary alcohol in ^XX . to. form 
' ketoaldehy.de A-XXI is carried out according to the conditions 

• ' , v\ Preferred is the oxidation 

that- are mentioned under step k) . Preferred i 

v, nt oxide with use of tetrapropyl.ammonium 

with N-methyl-morpholino-N-oxxae wiui 

perruthenate . 

• Step W (A-XXI ### A-XXII): 

• The oxidation of the aldehyde' in A-XXI -to f orm .carboxyl.c 
id' A-XXII (R 13b = hydrogen) is carried out according to the 
thods that -are. *nown to. one skilled in the. art. For example, 
the Nidation according.to Jones, the -oxidation with potassium, 
permanganate,: for example in an aeneous system that consists of 
t ert-butanol' and. sodium dihydrogen phosphate, the- oxidation w.tn 
sodium chlorite in aeneous tert-butW optionally in the • 
presence of .a chlorine trap, such as, .e.g., 2 -methyl- 2 -butane, ' 

can be mentioned. 

The oxidation o f • the aldehyde in A-ZZI to form ester A-XXII, 
in which R 13b has the ahove-.entioned ~anin 9 , a.,d'is uneo^al to 

c _ -va-rroi ^ w*i th. pyr idinium 
hydrogen, can be carriea ouc , ty- 



ac 
me 
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dichromate and the desired 'alcohol HO-R 13b in an inert solvent, 
such as, e.g., dimethylf ormamide . . 

Step x (A-VII ### A-XXIII)-.: ... 

The oxidation of the primary alcohol, in A- VI I to form 
aldehyde A-XXIII is'carried out according to the conditions that 
are mentioned under step ■ k)' . Preferred is the oxidation with N- 
^ethyl-morpholino-N-oxide with use of tetrapropylammonium . 
perruthenate as well as the method according to Swern. 

Step y (A-XXIII ### A- XXIV) : . 

The oxidation of aldehyde A-XXIII to form carboxylic acid o 
.its esters A-XXIV is carried out according to the conditions ; 

already described under w) . . ' - 

Step z (A-XXIV ### A-XXV) :' 

' Protective group PG 5 . that is introduced under step' d) is 
cleaved as described under step i. 

Step aa (A-XXV A-XXVI) : . 

' The oxidation of the primary ' alcohol in A- XXV to. form" " 
'■■ aldehyde A-XXVI is carried out according to the conditions that 
. are mentioned under step 3c) . . Preferred is the oxidation with N 
' methyl -morpholino-N-oxide with, use of tetrapropylammonium- ; . 
perruthenate as well as the method. according to Swern. . 
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0*0 ab (A-XXVI A- XXVI I) : 

• • ^ -id»WG- A -XXVI to form alcohols o£ rormuia 



the conditions tnac are 

A-XXVI I is cc - ' " 



arried cut according to 
mentioned under ste? U ■ 



Step ac 



(A-XXVII m A-XXIl) : 



>f the secondary alcohol in A-XXVII to for. 



Tb a oxidation o: 

• .^ ed out according to the conditions that are 
ko r Q na A-XXII is car^ea ouu 

. t x PT-efe^ed is the oxidation with N- 
-mentioned under step k) - F-e, = - 

•u* r^f h^tr-aD^oovlammoni-um 

cuethyi-raorpholino-N-oxide witn u=e o, tet_,?_ 

'neTruthenate . 

- - ; , • v, >;i a ' ?nd R lb all can 

The compounds or formula .-, 

' • ><n-t are indicated in general formula A, can 
bave the meanings tn«*c are mc-c 

... ,-,-r r»adiiy available maionic 

also be produced from inexpensive or — dW ; _ 

W ar efficient way with high' optical purity . 
acid dialkyl escers m an enic.^ 

The synthesis is described in di^an. reacUcn schon-* 3 below: 

' Pingmm Portion scheme 3 



R ,3 'x R 16 ' R' a \ R' b ' 



Alkyl-O.C C0 2 -Alkyl ^ ^ H q ORG 7 

A-XXVHI A-XX1X A-XXX. 




ag chG O 




11 * 1 7 O OH OFG 



6 OFG 7 0 OK OFG 



A-XXX1 



A-XXX1I A-XXXlli 



= 1 

Y 



R 1 \ R w 




HO OH OPG' 



A -VI 1 1 or eat - A- VI x I 



Steo ad (A-XXVIII ### A-XXIX) : , ' ' 

• * ^esoon^ly substituted clonic acid ester denvat.es 
,-XXVIII. are either co^ciaUy available or can - 

educed according to the. processes , that are known *> one 

■ - ,_t -ivvi asters, are reducec 

,» th . : «t:ero- Alcaic ,cU. - -W* 

. . „ -i-v,,* roduc^Q agents that are 

to diols A-nil. P or this purpose, tn-.r-du.-g 

Known to one skilled in the art, such as, • e.g. , 

v. - a ,d coTOlex metal hydrides, sucn as, 

diisobutyialuminum hyarxae, .and comp 

e . g ;, lithium aluminum hydride, ar£ suitable. 
Step ae (A-XXIX SS= A-ZHC) : 

„. wtt is -selectively protectee 
A f^e nvdroxyl group m - = 

■• >- that a- known to one skilled in tne 
according to the matnee, ta.t — . 

_ r7 protective .groups tnau «r- 

ar , ^ protective group PC- , P--- 

.. K -„ ~ t a* were already mentioned aaove 
Known to one skillec m t.e *- 

fo. BG*'in steo a (A-II »« suitable. 

Pr ef erred are silicon-containing protective groups. 
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Step af (A-XXX ### A-XXXI) : . 

■ ^ The oxidation of the remaining, primary hydroxy! group in A- 
XXX " to form aldehyde A-XXXI .is carried out according to the. 
conditions that are mentioned under step x) . Preferred' is the .. 
oxidation with N-cuethyl -morpholino-N-oxide ; with use of 
tetraprooylammonium perruthenate , the use of pyridinium . 
cnlorochromate, pyridinium dichromate as well as the method • • ' 
according to Swern. , 

Step .ag (A-XXXI ##» A-XXXII) :' . '' 

Aldehydes A-XXXI are' reacted with an 'ester of acetic acid 
•ehO'OCtOX^.' in which chG' means.a chiral auxiliary group', in 
terms of. an aide! reaction. Compounds chs'oc (OJ.CB, are used in 
optically pure form in the' aldol reaction. The type. of chiral 
auxiliary group determines whether the aldol ' reaction proceeds 
■ with high diastereoselectivity or' yields a diastereomer mixture 
that can be separated with physical methods. A survey on 
comparable diastereoselective aldol' reactions is found in Angew. 
Chem. 99' (1587), 24-37. As . chiral auxiliary groups chC-OH, for 
example, optically pure 2-phenyl-cyclohexanol, pulegol,' 2- 
hydroxy-l,2,>-triphenylethanol, and 8 -phenylmenthol are suitable. 

Step -ah (A-XXXII A-XXXIII) : . 

D< astereomer-puxe compounds A-XXXII can then be converted 
' acceding to the process that is Known to one skilled in the art 
bv salification of the ester unit with simultaneous release of 
' .eusasle chiral auxiliary component chC-'-OH into enantiomer-pure 



3 8. 



r ' . - a ■vtcxttt or'eat-A-XXXIH. For saponification, 
compouncs of type k-IGGCUI or 

carbon^" in alcoholic solution, such as, e.g., potassium • 
carbonate in methanol, aoueous solutions of alkali hydroxides, 
such as, e.g., lithium hydroxide or sodium hydroxide with use of 
organic, water-miscible solvents, such as, e.g., methanol, • 
ethanol, tetrahydrof uran or dioxane, are suitable. . 

•Step ai (A-XXXII ### A-VIII) : . . 

As an alternative to step ah, the chiral auxiliary group can 
'also be removed reductively. In this way, the; enantiomer-pure . 
compounds of type A-VIII . or ent-A-VIII are obtained.. The 
reduction can be' carried out according' to the processes .that are 
known to one skilled in the art. As a reducing ' agent , e . g . . • 
'oiisobutylaluminum hydride and complex metal hydrides, such as, 
e.g., lithium aluminum hydride, are suitable. 

compounds A-VIII or ent-A-Vlfi can be converted as 
previously described into compounds of type A-XIII or ent-A-XIII 
Correspondingly, compounds of type A-XXXIII or ent-A-XXXIII can 
be converted into compounds of type A-XXII or ent-A-XXII 

according 'to the processes/that are described above. 

. " ■ as an alternative to the above-described method, the 

. saouence can also be carried but without using chiral auxiliary 

group c'hGV in this way,;racemic mixtures of compounds of type 

_ „,.„ TTT ar a then obtained via the 
rac -A-VIII or rac-A-XXXIII are en— w 

corresponding, racemic precursors. These mixtures can in turn t 
separated according to the processes for racemate cleavage. e.= 
chromatography on. chiral columns, known to one skilled in the. 



art . The continuation of synthesis can also be carried out w.cn 
racemic mixtures, however. 

Thi s invention thus- also relates to a process for the 
production of the compounds of general formula A, which is . 

■ characterized in that 

a) a pantolactone of general formula Ha or 
' b) a clonic acid dialkyl ester of general formula XXVIII 
is used as a starting product. 

In . addition, this -invention. thus relates to the 
epothilone components of general formula A' 



R 4a R 4b K 5c R 5a 

R 3 O 

in which. 

R a "' means C^, CEO,' CO z R*£, COX, 

R 2.; R 2b mean hydrogen, C,.-C M alkyl, aryi , C 7 -C 2Q araikyl, 
R 3 . means hydrogen, 0R 3a , X, OS0 2 R jb , 



means hydrogen or together with R*« means a - (CH 2 1 
group or a CR 6a ?-*'° group, 
means C r C, alkyl, aryi, 
X • means halogen,' 



R 3a 



R 3b 



n 



means 2 to 4 , 



the same or different and mean C.-C a alkyl , C 
aryi or together a -(C>:,) 5 group, 
means 2 to €, 

„ rn<ft * ~C Of hvdrOCsil, 

in addition can assume u^c ^ = 



c 

— 6a 



Ctl 



R 4b - ra t-he.same or different and mean hydrogen, C.-C, Q 
alkyl, C 7 -C M aralkyl, or together a -(CS,). group, ~ 
means 2 to 5 , 

R 5b ara the same or dif f erent . and mean hydrogen, C r C 10 
alkyl, C 7 -C. Q aralkyl, or together a -(CE 2 ) p group, 

means 2 to 5 , 
means hydrogen, 

^dudina al! stereoisomers and mixtures tb.er.oE, end free . 
nvdroxvl 9 roups ere et.eri.isd or esteri t ied in R 2 -d tf, <r.. 
c'a.boavl .roups ere .etaUzed in. ., end a». converted into an e, 
efner or reduced, and free aoid g rou P s in , can oe converted into 

their salt's with bases, 

excluding the compounds 

« 



R 



5c 



.Oi 




x 






O OP o 



O OP o 



p = TBS 



It was 



also found tna 



hat synthesis components of general 



formula A" 




in which 

r 3 means 0R 3a and 

R 3a ' m eans hydrogen or a .protective group PG 

are the same or different and mean hydrogen, C r C 10 
' 4lkyl, C 7 -C M aralJcyl or together a - (CH 2 ) B group; 

m . means 2 to 5 , - * 

. R 5a ( R 5b are the .same. or different and mean hydrogen, C r C. Q 
alkyl, C 7 -C 2Q aralJcyl,' or 'together a -(CH,) p group, 

p • means 2 to 5'; 

including all stereoisomers as well as their mixtures and 
' free carbonyl groups in 1, can be" readily Icetalized 
by reaction of a compound of general formula II 




witn a 



Z is a chlorine or bromine atom, and the .2 -oxazolidinone 
.ring has either (4R,.5S)- or ( 4S , SR) -conformation , 
compound of general formula III 




111 



in which 



R 4«, are the same or different and mean hydrogen, C.-C, a 

alkyl, C 7 -C 2Q araikyi or together a -(CH 2 ) m group, 
m means 2- to 5 , 
R", 



53 R 5b ar e the same or different and mean hydrogen, C,-C 10 



"■' aiKyl, C 7 -C 20 aralkyl, or together a - (CH 2 ) ? group , 
■q means 2 to 5 , 
to form a compound of general ferula IV 



0 0 OH 0 

A A X A , H 




IV 



R is pr r 



in which 

the 2-oxazoiidinone ring has ( 4 P. , £ 5 ) -ccnf orma: ion , and the 
3 '-carbon atom has ?. - conf ormat ion , or 
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the -2 -oxazolidinone ring has ( 4S , 5R) -conformation and the. ■ 
3 ' -carbon .atom has S -conformation, • 
■ and can be produced under protection of the 3 ' -hydroxy group in 
IV' with .a ' protective group.. PG, by cleavage of the oxazolidinone 
radical and optionally cleavage of protective group PG. 

The reaction of a compound, of general formula II with a 
compound of general formula III can be carried out- after 
conversion of - the ' compound of general 'formula II into a metal 
enolate by insertion of a metal or metal- salt into -the carbon- . 
.halogen bond of the compound of general formula II. 

" As a metal or metal salt, generally all metals or metal ■ 
.salts that; are known to one skilled in the. art. are suitable that 
are suitable for a Reformatzky reaction (see, .e.g., A. Fiirstner; 

Synthesis 19.89, 571-590).-. . 

According to the invention, chromium (II) . chloride is - 

preferably used. 7.-"' 

The oxazolidinone ring is recovered almost quantitatively 
and without loss of optical activity, in the cleavage from the . 

.' compounds of general formula IV. 

As .alkyl groups R 4a , R Ab , R Sa and R 5b , straight-chain or 

branched-chain alkyl groups with 1 to- a .maximum of 10 carbon 
atoms can.be considered, such. as, for example, methyl, ethyl, 
propyl,' isopropyl, butyl, isobutyl, tert-butyl, pentyl, 
isopentyl, neopentyl, heptyl, hexyl, and decyl . 
- ." Alkyl groups R 4a , R Ab , R Sa and R 5b can be perf luorinated or 
• substituted by 1-5 halogen atoms, hydroxy groups, C r C 4 alkoxy 



groups' and C 6 -C 12 aryl groups (which can' be substituted by 1-3 
halogen atoms) 

The aralkyl groups in R 4a , R 4b , R 5a • and R 5b can contain up to 
14 catpms, preferably 6 to 10 C atoms,, in the ring, and 1 to 8, 
preferably.! to 4 atoms',, in the alky! chain. As " aralkyl • 
radicals., for example , benzyl , phenylethyl , naphthylmethyl , 
naphthylethyl, f urylmethyl , ' . thienylethyl , and pyr idylpropyl are : 
considered. '' The rings' can be substituted in one to three- places.- 
by halogen, OH, O-aikyi, NH 2 , C0 2 H, C0 2 - alkyl , -N0 2 , - -N 3 . -CN, C,- 

C M .alkyl, Cl -C 20 acyl, C r C 20 acyloxy .groups. 

...-As protective group PG, all radicals that are known to one 

skilled in" the art as such protective groups are ■ considered . . 

Preferred in this case are silyl-containing protective groups, 

such as, for example, the trimethyls ilyl , triethylsilyl , tert- 

butyldimethylsilyl, tert -butyldiphenylsilyl , -tribenzylsilyl , and 

triisopropylsilyl radicals. . . ■ 

There is a survey on protective groups in, e . g . , - Protectiv 

Groups in Organic Synthesis,- Theodora W. Green, John Wiley and 

Sons) . 

.' . Halogen means-fluorine, chlorine, bromine,- and iodine. 

■' The" compounds of general formula II that are required for 
the. process according, to the invention are accessible by ■ 
' acetyla.tion of (4R, 5S) - or (4S , 5R) -4 -methyl- 5 -phenyl - 2 - 
' 'oxazolidinone with bromo- or chloroacetyl chloride in the 

presence of a' strong base,, such as, for example, n-butyllithium 

The stereochemistry of the hydroxy group in 3-position is 
later controlled by the selection of the chirai .auxiliary group 



• T fce compounds of general formula III that are requirec ror 
the process according to the invention are commercially available 
or can be produced simply. 

If the compounds of general formula III are not commercially available, 
they can be produced, for example, according to the methods that are indicated 
in reaction schemes a and 3 Figo. 1 and 2 . 



Fig. 1 Reaction scheme a: Starting material is (substituted) malonic ester - 



R\ , R 

Et0 2 C^C0 2 Et 



R\ R w 

HO OH 



partial 
protection 



PGO OH 



Oxidation 



See Footnote T 



See ■ Footnote 2 



R5aCH-U 




or 



PGO O R 5a CH 2 MgX 




PGO 



Oxidation 



PGO k. 



tional introduction - of P-' b : 



Op 



11 Base 
2) R 5b -Ha! 



PGO 




Protective group cleavage 



R* R 



° Oxidation 



HO -A 5a 

r R 



r\ r 4S 




o A 

R ;b 



X 



halogen, PG = protective group 



,4b 



1) 



See attached starting product C, in which R" a + ?- 
trimethviene 

These 1,2 -propanediols are in some cases commercially 
available and can then be used at this point in the 

synthes is . 



Reaction scheme 3: 



R ib , 



HNR 6R7 R * NR 3 R 7 R 5a (CH 2 )COCI 



>— -CHO 



Footnote 2 



See footnote 1 




-5a 



Ontional introduction o 



f p 



5 b 



These starting compounds are commercially available or 
can be -obtained according to' the methods that are known 
to one skilled in the art. 

Secondary amine: preferably piperidine or morpholine 
or R 6 and R 7 mean, independently of one another, a 
straight-chain or branched C,-C 6 alkyl group. 
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The components of general formula I that are produced 
according to this invention can be used in- a way similar to the 
methods for synthesis of epothilone A and B that have been' . ' 
described and are known -frpm, e.g., page . 2 of this application . e 
text, as well as for" the synthesis ■ of epothilone derivatives ; that . 
are modif ied. accordingly, in the C, -C 6 -sect ion of the epothilone" 
■ skeleton (Schinzer et al . : ' Chem. Eur. J. 1996, 2, No. 11, 1477- • 
1482 ; Angew. Chem. 1997, 10 9, No . 5 , pp , 543--S44, Nicolaou et 
a-1.: Angew. Chem. 1997, 109, No'. 1/2, -pp.. 170-172 ; Nature, Vol. 
387, 1997, pp.. 268-272 ; J. Am. Chem'. Soc . , Vol : 119,. No . 3 4 , . 
1997, pp. 79.60-7973 ; J. Am. Chem. Soc, Vol. 119, No. 34.,: 1997, 
pp. 7974-7991,. Angew. Chem. 1997, 109, No. 19, pp. 2181-2187). 
. W ith the compounds of general formula A", the substituent = ■ 

' variability that is required up front is- thus achieved.. . 

A more ■ significant, advantage of the" process according to the 
invention also lies in . the f act . that the chiral auxiliary group. 
(4R,5Sy- or (4S,5R)-4-methyl-5-phenyl-.2-oxazolidione that is used 

• can be recovered simply after being- cleaved off from, the 
protected, compound of general ■ formula IV and can be used again 
without loss' of optical induction in the synthesis. 

The components that are obtained in these methods, also 
their enantiomersor mixtures of these enantiomers, are suitable 
■' • f or aldocondensation with an epothilone component , . which has a 
carbonyl function. at C-7 (epothilone numbering . system) , as is the 
case, in the above-mentioned total syntheses of epothilone A and 

• eoothilone B . 



• components A , their enantiomers or mixtures of these 
enantiomers are suitable moreover ,'. for esterif ication with an 
epothilone component, which has a hydroxyl function at C-15 
(epothilone numbering system) ,. as is 'the case in the- above- ; 
mentioned total syntheses of epothilone A and B . 
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Representation of Partial Fragments 5: 

Hingrsm Reaction scheme 4 



E-ll 



cftG^-H: 

B-VI » 



B-Vla B-Vlb 



R 4a' R 4b' 
Q 

3-VI1I 



V CPG 9 . 



B-lll 



B-1V 



0 

K. 



r \ 




a 




chG J 



S-Vll 



fU>'. 
B-V 



B-VIc S-VId 



T 

B 4a* □ 4b' 



r R^R 4b * 



R ,R 



"apes 



3-iX 



E-X 



P. R 



R^'R 4 * 



E OH 



OH 



B-X! 



B-XH 



B-Xlll 



B-XiV 



B-Xli! — ! — > 



R R 7 



CFG 1 



B-XV 



^ R^° V 

3-XV1 



ORG 



10 



0?G. 



10 



B-XV1I 



Step a (S-II E-IIU : 

A hydro:cyl croup in E-II is procactec according to tne 

nietnccs that 



ara known to one sicilled in the art. As protective 
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group PG a , the protective groups that are known to one skilled in 
the art, as were already mentioned above for PG 4 in step a (A-II-" • 

### A-XII) , are suitable. 

Preferred are silicon-containing protect ive '.-groups , which 
can" be "cleaved under acid" reaction conditions or use^ of fluoride, 
such as,, e.g,, the trimethylsilyl, triethylsilyl, tertV - 
butyldimethylsilyl, tert-butyldiphenylsilyl , tribenzylsilyl and 
triisopropylsilyl 'radicals .. . 

' Especially preferred is the ,tert-butyldimethylsilyl radical. 

- Step b IB-HI ### B-IV) : ' 

The free hydroxyl group in B-III is converted into- a- leaving;, 
group LG according to the methods that are known, to one skilled 
in the art. As ' leaving • group LG, for ,xax P le , - halogens such- as , , 
' e g bromine or iodine or alkyl- or, aryl sulfonates, which are 

produced from the corresponding sulfonic acid halides or sulfonic, 
.acid anhydrides according to the methods" that are known to one 
skilled in the art, are suitable . ' 

, ^ leaving group LG, the trif luoromethanesulf onate is 
:■ preferred. ' ' 

- Steo c (B-IV #3# B-VII) : , ' ■ 

. compound . B-IV is alkylated with the., enolate, of a carbonyl 
• compound of general formula B-V, in which chG* can.be a single - 

. Jr3l jn-niUr/ croun 'according to the 
alko:cv grouu or eise a chxral auxiliary g^ . . 

methods that are known to one skilled in the art.. The' enolate is 
' "produced by. action of strong bases, such as, e.g.', lithium . . 
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diisopropylamide, lithium hexamethyldis ilazane at low 
temperatures; As chiral auxiliary group chG 2 -H (3-VI) , chiral . 
alcohols- that can be produced in an optically pure and 
inexpensive manner, such as , ' e . g - , pulegol, 2 -phenyicyclohexanol , 
. 2 -hydroxy- 1,2, 2 - triphenylethanol , . 8 -phenylmenthol or compounds 
that contain reactive NH-groups that can . be produced in an 
optically pure. and inexpensive manner, such as, e.g., amines, 
amino acids, lactams or oxazolidihones , are suitable . Preferred 
areoxazolidinones;' especially preferred/are the . compounds^ of . ' 
formulas B-VIa to .B-VId.. The absolute stereochemistry on the a- ' 
carbonylcarbon of the compound of general formula B-VII is set by 
the . selection' of the respective antipode . In this way, the 
compounds of general formulas B-VII to B-XVII or their respective 
enantiomers ent-B-VII to ent-B-XVII ;can be obtained in -an 
enantiomer-pure manner". ' If an achiral alcohol, such as , e.g., ' v ' 
'.ethanol, is used as chG 2 -H (3-VI) "."-the racemic compounds r ac-B- 
VII .to rac-3-XVII- are obtained. ' - . 

Step d. (B-VII ### B-VIII) : 

If group chG 2 represents one of the" chiral auxiliary, groups 
" that are' mentioned under step c, the latter is recovered by ■ -. 
■ reesterification of B-VII in an -alky! ester of general formula B - 
'••VIII. The reesterification is carried out according to the 
. methods : that are known to -one skilled in the art.. Preferred is 
reesterification with simple alcohols, such as, e.g., methanol <h 
ethanol in the presence of corresponding titanium (IV) 
alcoholates. 



S3 



Step e (B-VIII »*# B-IX) : . 
The .ester in B-vm is reduced to alcohol B-IX. As reducing 

agents, the reducing agents that are known to one skilled in' the 
art," such as. e.g., aluminum hydrides ,, such as, e.g., lithium- 
aluminum hydride or diisobutylaluminurr, hydride, are suitable, . 
The reaction is- carried out in. an inert solvent, such as, e.g., . 
diethyl ether, tetrahydrof uran. -toluene. 

Step e' .(B-VII ### B-IX): " . ■■ . - . . .' 

As an alternative .to steps d) and e) , the carbonyl. group » 
B-VII can be reduced immediateXy to the alcohols of general 
formula B-ix according to the conditions that are mentioned under 
step e) . Here, chiral auxiliary component chG=-H can also be 
recovered. 

Step f ("B-IX. ### B-X) : 

; . The free • hydroxy 1*' group'. "in' B-IX is protected according to 
'the methods that are .known to one skilled in the art. As. 
protective .group PG>, the protective -groups that are known ^to one 

* • "i-V,* «rt as we-e already mentioned above f or • PG 4 m 
skilled m the. art, as we- <=• - 

step a (A-II S##A-III), are suitable.. 
' "preferred are' those protective groups that can be cleaved - 
under acidic reaction conditions , such as , e . g . , the - 
.ethoxymethyl, tetrahydropyranyl tetrahydrof uranyl , and - 

trimethyisilyl radical. 

Especially preferred is the tetrahydropyranyl radical. - 
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Step g (B-X ### B-XI) :. ■ .- 

protective group FG a , which is introduced under step a), is 
now cleaved according to the processes . that . are known to one 
skilled in the art. If 'this is a silyl ether, then^ the reaction 
with -fluorides, such as, for example, te trabutylammonium , 
'fluoride, .'the hydrogen ' fluoride -pyridine complex, potassium . ■ 
fluoride- or the use of dilute mineral acids , the use of catalytic' 
amounts of acids, such as, e . g . , . para- toluenesulf onic acid, " para- 

toiuenesulfonic acid-pyridinium salt, camphorsulf onic acid ; in • 
. alcoholic solutions, preferably in ethanol- or isopropanol, is 

suitable for the cleavage. 

■ Step h (B-XI ###■ B-XII) : 

■ ' The' oxidation of the primary alcohol in B-XI to the aldehyde - 

of general formula B-XII is carried out according to the,- . 
processes that are known to one skilled in the art . For example, 
' the oxidation with pyridinium chlorochromate , .pyridinium 

dichromate, chromium trioxide -pyridine complex, the oxidation 
according to Swern or related methods , e . g with use of oxalyi 
.•chloride in dimethyl sulfoxide, the use of Dess-Martin 
periodinane, the use of nitrogen oxides, such as, e .g . , N-methyl, 
• m0 rpholino-N-oxide in the. presence of suitable catalysts , such 
as , . e .g\, 'tetrapropylammonium perruthenate in inert solvents, can 
be'mentioned. Preferred is the oxidation according- to Swern, as. 
well as with N-methyl-morpholino-N-oxide with use of 
tetrapropylammonium perruthenate. - . 
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Step i (B-XII ### B-XIII):' • 

' The reaction of aldehyde B-XII to form alcohols of - general 
formula B-XIII is carried out according to the methods that are 
known to one skilled in the art with organomet all ic compounds of ■ 
general formula M-R 5 ' , in which M stands for- an' alkali metal , ■ 
preferably lithium or a 'divalent metal MX, in which X represents. ■ 
a halogen and 'radical R 5 ' has the above-mentioned meaning. As a 
divalent metal , magnesium and zinc aire preferred;" a-s a halogen, X 
' is. preferably chlorine, bromine, and iodine . 

Step k (B-XIII ### B-XIV) : • 

The oxidation ' of alcohol B-XIII to the ketone of general 
formula B-XIV is carried out according. to the processes that are 
mentioned under h) .. Preferred is ■ the oxidation with N-methyl- 
morpholino.N-oxide wi'th use of tetrapropyl ammonium perruthenate . 

Step 1 (B-XIII ### B-XV) : ; 

' The hydroxyl group in B-XIII. can be provided according to 
the processes that are mentioned under a) with a protective group. 
' pg 10 : Preferred are ' silicon-containing protective groups, which • 
"can be cleaved -under acidic reaction conditions or with use of 
fluoride, such as, --e.g., - the trimethylsilyl , triethylsilyl , tert- 
butyldimethylsilyl, tert -butyldiphenylsilyl, tribenzylsilyl , and 
triisopropylsilyl radicals. • . 

. Especially preferred is' the tert -butyldiphenylsilyl radical . 



Seep m (3-XV S## B-XVi) : 

, ca 9 wb^c'n is introduced under si 

Proceccive g_oup , « • - 

cleaved according to the processes that are described 



.ep f ) , is 
mder step 



>£ ceneral 



Step n (3 -XVI ### 3 -XVI I) : 

" The oxidation of alcohol E-XVI to- the aldehyde oi 

, • c vvtt is c-Hed out according to the processes that are 
formula E-AVii is c 

- ^ M ur.f^rrsd is the oxidation according to 
mentioned uncer h) . „r__.— .t:-^ 



Swern . 



As an alternative, the compounds of general formula B-XIII can be 
produced with the method that is described in Diagram Reaction scheme 5. 

D i agram Reaction scheme 5 



,4a' 



0 

B-XVIII 



R 4a' R 4b' 




OH 



B-XX 



-> ^ 



R 4a 'R 4b ' 




R=— CHO 

B-XX! I 



-> B-XUI 



B-XXI 



Step O (B-XVIII ### B-XIX) : 

. Starting from ethyl acetate, derivatives/ which can be 
obtained inexpensively, - of general formula B-XVIII, in which R*' 
and R 4b ' have the above -mentioned meanings, the ester enolate is 
produced by. action of strong bases, such as, e.g.,. lithium - 

diisopropylamide, .and' lithium hexamethyldis ilazane , at low. - 
'temperatures and reacted' with 3_- halogen- 1 -prop ine , preferably 3- 

bromo-1 -prop ins, to form compounds of general ..formula B-XIX . ■ . 

Step p' (B-XIX ### B-XX) : ' ' " ; 

' fhe reduction- of 'ester B-XIX to alcohol B-XX is carried out 
according to the, methods that are described under step e) , 
preferably with use of diisobutylaluminum hydride.- . 

Step- q , (B-XX ##'# B-XXI) : .. 

' The . hydroxyl group in B-XX' "d** be provided, according to the 
.'conditions that are mentioned under a) with a protective group 
.'■PC-"". Preferred are silicon-containing protective groups, which 

can be cleaved ■ under acidic reaction conditions or use of 
.fluoride, suck as ; e . g . , the trimethylsilyl , triethylsilyl , ,tert 
' butyldimethylsilyl, tert -butyldiphenylsilyl , tribenzylsilyl- or 

triisopropylsilyl radical. 

Especially preferred is the >ert -butyldimethylsilyl radical 

Step r (B-XXI "### B-XIII) : 

Acetylene E^XXI can be deprotonated according to the 

processes that are known to one skilled in the art, .and the 
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acetvlide that is obtained can be reacted with carbonyl .compound 
of cenerai formula B-XXII, in which R 5 ' has the' above -mentioned 
meaning, to form an alcohol of general formula XIII. For 
deprctonaticn, alkyi alkaLi compounds, such as, e.g., 
butyllithium or other strong ba.es, such as, e.g., alkali 
.examethyldisilazanes or lithium diisopropylamide , are suitable. 
Preferred is n-butyllithium . 

In the process that is described in Diagram Reaction scheme 5, first 
- racemic compounds rac-B-XIII are obtained. Optionally, steps rac-B-XIX or rac- 
B-XX that are passed through according to D i agram Reaction scheme 6 offer the 
possibility for chemical racemate cleavage and thus also access to enantiomer- 
pure compounds B-XX or ent-B-XX, if R 4a ' is not identical to R 4b ' 

ningmm Reaction scheme 6 



rac-B-XIX 




-> B-XX + ent-B-XX 



B-XIXa 



rac 



-3-XX — > 



R 4a' R 4V 




■> B-XX + ent-B-XX 



B-XXa 
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Step s (rac-3-XIX ### B-XIXa) : ' . 

• Racemic compound rac-B-XIX canbereesterifled with a chiral 
alcohol- chG 3 rOH that can be obtained • in an optically pure manner 
according, to the methods that are. known- to one skilled in the 
art, for example the process "that; is mentioned under step d) , to- 
form a mixture of diastereomeric ester B-XIXa and separated with • 
simple chromatographic methods.' As chiral alcohols, for example, ' 
pulegol, -2-phenylcyclohexanol, 2,hydroxy, 1,2 ,2 - triphenylethanoi , . 
and' 8-phenylmenthol are suitable. 

Step t (B-XIXa ### B-XX 'and ent-B-XX): 

Diastereomer-pure esters B-XIXa can be reduced in each' case- 
to alcohols B-XX or ent-B-XX according to the process that is 
described under step e, whereby auxiliary. component chG'-OH that 
is described under step s can be recovered. 

Step u (rac-B-XX '### B-XXa) : ■ 

' Racemic compound rac -B-XX. can be reacted with a chiral acid 
chc >-C0 2 K that can be obtained "in an optically pure ' manner , its ■ 
esters, anhydride- or acid haiide, according to the methods that 
are -known to one skilled in the art, to form' a. mixture of .the 
diastereomeric ester X-Xa and separated with simple 
chromatographic methods . As chiral- acids, for example, malic" 
acid, ..tartaric acid or. their derivatives are suitable. 



Step v (B-XXa ###' B-XX and en.-. • 

' Diastereomer-pure esters B-XXa can be reduced in each case 
to alcohols B-XX or. ent-B-XX according to the process that is 
described under -step e, or! saponified according to the methods 
that are. known to one skilled in the art, whereby in the last- 
menti oned ca-se, auxiliary component chG^C0 2 H that is-' described 
under step u can be recovered.. 



It is known that the compound of formula 




is ^ 13^0TEDMS 
OBenzvl 



(TB D« S sta^ for a tert-butyidimethylsilyl radical)' can be used 
fo- svntnesis OS the C13-C16' fragment (epothilone lumbering 
system) ^of epothilone A (Schinzer et al. Chetri . Sur . j . 
Ho. 11. 1477-1432,. The synthesis that is described by scbinzer 

, •_,H(. V via a kinetic racemate 
et al. introduces the required cnxraiity vxa & 

cleavage according to Sharpless . A necessary chromatographic 
separation, an inadequate enantio.er excess (30%) and a low 
overall yield disqualify this approach for an industrial 

' v,^h v J *Tds arid hicrh optical purity of 
ynthesis, which requires hxgn ^ ^ . - 

the synthesis products. 

"it is further known that the above-mentioned synthesis 

rted bv'Wittig reaction with the 



s 



component can be conve: 
chosphonate of formula 
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.nto a compound of formula 




w 



OTBDMS 

OBenzyl 

~a i-h" introduction of the C13-C20 

hich then can be used j-Oj- en- — 

fragment for theepothilone synthesis, . ^ 

s ,,-13 r ca" be produced m au. 

Partial fragmencs or rormul* c co~ . 

'■•*■>, n^riral DU r^v (> 3 9' .5%) from inexpensi'- 
efficient way with.hign optica, pur_-/ v 

ma lic acid that can be obtained at a reasonable price. 

The synthesis is described in Diagram Reaction scheme 7 below in the 
example of the L-(-)-malic acid (C-l). Starting from D(+)-malic acid (ent-C-l), the 
corresponding enantiomeric compounds (ent-C-ll to ent-C-XI) are obtained, and 
starting from racemic malic acid (rac-C-l), the corresponding racemic 
compounds (rac-C-ll to rac-C-XI) are obtained. 

D i agram Reaction scheme 7 



OH 



HOOC 



;ooh 



o — i 



OH 

C-l 



o 



OPG" 
C-lll 



HO 




OFG'* 

C-IV 




FO 




C-Vl" : P = P<3 vr 



.OPG 1 



*12 



OPG 

C-V1I ■ 




OPG 



u 



OPG 

c-tx 




Hal- 




Step a (Malic acid C-l - C-iI) 

L - (-) -Malic' acid is converted into hydroxy lactone C-II 
according to a process that is known in the literature (Liebigs 
Ann. -Chem. 1933, 1273-1273). 

Step b (C-II #jf= C-I1D : 

The free hydroxy group in compound C-II is protected 
according to the methods that are known to one skilled in the 
art.' As protective croup PG«. the protective groups that are 
known to one skilled in the art, as were already mentioned ahov, 
for =G A in sections (A-II A-III), are suitable. 
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.Preferred are those protective groups that can be cleaved 
under the action of fluoride, but are stable under weakly acidic, 
reaction conditions, such as^-e.g., the tert -butyldiphenylsilyl , ' 
tert-butyldimethylsilyl or. tr iisopropylsilyl radical: . 

Especially preferred are" the tert -butyldiphenylsilyl radical 
and the tert -butyldimethylsilyl radical . 

Step c (C-III ### C-IV).: .' 

' • Lactone C-III is reduced to lactol C-IV according to ' the . 
methods; that, are known to one' skilled in the art. .. Aluminum, 
.hydrides that are modified in their reactivity ,.; such as , e.g., 
dilsobutylaluminum hydride, are suitable as reducing agents. The 
reaction, is carried; out in. ari inert solvent, such as, e.g. , 
toluene, preferably- at low. temperatures .( -20 to -100°C) . 

Step d (C-IV ##'# C-V): . , ' 

The reaction of lactol C-IV to .form' compounds .of 'formula C-V 
"is carried out with organometallic compounds of general formula' 
M-R a 'V in which • M stands for an "alkali metal, preferably ■ lithium, 
or a divalent -metal MX, in which X represents" a halogen, and R a ' 
has the ^above-mentioned meanings..' As a divalent metal, magnesium. 
. and' zinc are. preferred; as halogen, X is- preferably chlorine, 
bromine or iodine. 



Step e (C-V ### C-VI) : . 

. ■ ' The primary hydroxy 1 group .in compound C-V is protected 
selectively relative to the secondary hydroxy 1 group according to 
.the methods that are known, to one skilled in the art . / 

The secondary hydroxy group- is optionally then also 
protected according to known' methods that are familiar to one 

skilled in the art.' - . 

• as protective groups PG 13 and FG V! " , the protective groups 

that are known to one skilled in the' art, ■ as were already . 

mentioned above- for PG 4 in step a '• ( A- II- ### A- III ) , are suitable. 
Preferred -are those protective groups that can be cleaved 

under weakly acidic reaction conditions selectively in the 
presence of protective group PG10 , which is introduced .from 
component A in the synthesis o£ . the compound of general formula 
I,- such as/ e.g., the trimethylsilyl .radical, triethylsilyl 
radicai or tert-butyldimethylsilyl -radical . 

Especially preferred is the tert-butyldimethylsilyl radical . 

Step f (C-VI ###; C-VII). : . ' 

■ The oxidation of the secondary alcohol in C-VI to form 
ketone C-VII is carried out. according .to the methods that are ', 
known to one skilled in the art.' For example, the oxidation -wit: 
pyridinium chlorochromate, pyridinium dichromate, chromium 
trioxide-pyridine complex, the oxidation according to Swern or 
- related methods, e.g., with use of oxalyl chloride in dimethyl 
sulfoxide, the use of Dess-Martin periodinane , the use of 
nitrogen oxides-,' such as, e.g!, N-methyl -morpholino-N- oxide in 
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the presence of -suitable catalysts, such as, e.g., 
tetrapropylammonium perruthenate in inert solvents, can be ' 
mentioned. - Preferred is the oxidation according to. Swern. . . _ . 

Step g (C-VII ### C-VIIlj : 

'■ For' compounds in- which U is equal to CRIO'RH',; this 

grouping is. established according to the processes .that, are known 
to one skilled- ih'the art.- For this purpose ' methods , such as, . 
e . g .V the Wittig reaction or Witt ig/Horner reaction; the addition 
of an organometallic compound MCHR10 ' Rll ' while being cleaved " 
with water,- are- suitable. Preferred is . the Wittig reaction and 
Wittig/Horner reaction : with use of phosphonium halides of 
CR10'Rll'P(?hj3 + Hal- type or phosphonates of 

CRlO'Ril'P(O) (6alkyl)2 type with Ph . equal- to phenyl, RIO ' , RH' 
and halogen in th.e already mentioned meanings with strong 'bases/ 
such as, e.g. , n-butyllithium, potassium- tert -butanolate , sodium 
ethanolate, and sodium hexamethyl disilazane; n-butyllithium is 

preferred as a base. 

.For compounds in which U represents two alkoxy groups OR* 
r a c 2 :c i0 alkylene-aV.-dioxy group, the ketone' is ketalized 
■cordino to the methods .that, are .known to one -skilled, in the 
art for example with use- of an alcohol EOR 23 . or a C 2 -C 10 alkyiene 
a,u-diol under acid catalysis. 

Step h (C-VII.I #*# C-IX) : 

' T Protective group \g» that -is introduced under e is now 
cleaved selectively in' the presence of PG« according to the 
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rocesses that are known to one skilled in the art. If this is 
an acidic cleavable protective group,, then the cleavage 
preferably takes place' under weakly acidic conditions, such as, 
e.g. /by .reaction .with dilute organic acids in inert ' solvent s . . 
Acetic' acid is preferred: 



Step 1 (C-IX ### C-X)': 

• ■■' .The- free primary hydroxyl group is' optionally converted- into 
a halide. according to the processes that are known to- one skilled ■ 
in the- art,' Preferred. halides are chlorine ,■ but " especially 
' bromine and iodine. : The substitution of the. hydroxyl group' for a 
bromine carl be carried out, e.g., by means of' triphenylphosphine/ 
' tetrabromomethane but also according- to any other process that is 
"known to one skilled in. the art.' The establishment of an iodine 
. atom can be. carried out from the bromide by substitution, e.g., 
according to Finkelstein with sodium .iodide in acetone . The . 
direct conversion, of the ' hydroxyl group .into iodide is also 
.possible, e.g., with use of elementary iodine, imidazole and 
triphenylphosphine. in .dichlorcmethane . 

.'if U ultimately stands -for H/OR 9 with R 9 in the meaning of a 
' hydrogen atom, the ' conversion of the primary hydroxy group into a, 

halogen atom in the stage of. the compound. C-vr is performed- : 
.. after .'selective 'protection removal of the primary hydroxy group. 

• Step k. (C-X C-XI) : 

If the linkage of- the C13-C16 unit is ' to be carried out with 
the -12-DOsition of the epothilone radical or epothilone 
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P 

case 



fragments, e.g., a C7-C12 unit by Wittig reaction, as described 
.j e c. Nature" Vol.- 387, 268-272 (1997), the triphenyl- 
phosphonium halides (R 21 = P ( Ph) 3 *Hai; ) , alkyl or arylphosphonates . 
( R «. = P(0) (0Q) 2 ). or phosphine oxides (R 21 = P(0)Ph a ) of type C-XI 
are produced ' starting from the halides -C-X according, to the 
recesses that are known ; to one-' skilled in the art. In this 

, Eh means phenyl;- Hal stands for F, CI, Br or I , and Q.is a 
G-Ca .-alkyl radical or phenyl radical. . 

^ For production of the phosphonium sal-t s , ' e . g . ,: the . react ion 

= with t-riohenylohosphine in solvents 

of the corresponding .halides wicn t-.iyiic. * . ^ . 

such as toluene or benzene is suitable. ■ 

The production; of the phosphonates can be carried out by, ' 
e. g : , reaction of halides C-X with, a retaliated dialkyl 
phosphite. The retaliation is usually carried out with strong ; 
bases, such as, e.g., butyllithium: ' 

■ The production of the phosphine oxides can be' carried out • 
by, e.g., reaction of halides C-X with metallated 
' diphenylphosphine and' subsequent oxidation-. For the .retaliation 
. strong bases such as butyllithium are also suitable. The.. . 
•.subsequent oxidation to phdsphine oxide can. then be carried. out. 
■ with, e.g.', dilute aqueous hydrogen peroxide solution . 

" . it -W been found that compounds of formula C"- can" be. . 
produced, surprisingly enough, • in an efficient way with' high 
• optical purity '<> 99.5%) from inexpensive enantiomer -pure malic' 
.acid that can be obtained at a reasonable price, although in 
principal in the described process according to the '. invention, ' 
the possibility for complete or partial racemization would exis 
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' As mentioned above, the known process yields those compounds ^ 
»„ .Hch R 1 is a methyl- group. is . a tert-butyldimethylsilyl 
radical or benzyl radical, is .» O-tert-butyl dimethyl silyl 
radical and X is an oxygen atom or a <2-methylthiazol-4- : 
yl) methylene radical, only in an optical purity of about 80,. 
in addition, the chemical yields of. the process 

the invention are significantly higher than the yields that, are . . 

indicated in the processes described, by Schinzer et al . For 

example, the yield of US) ,5- [ (dimethyl ,1, 1-dimethylethyD , . . 

silyiroxyl-.-CUi.l-^thylethyl.diphenylsilylloxyL-pentanone, 

pr oduced according'to. the process according to the - invention, 

■ r' (-)-malic acid with 26.5% is almost twice as high 

• starting from L-(-) maxxc ^j. ^ 

as. the yield that is achieved by Schinzer et al . in -the 
production of ( 3 S ) - 3 -benzyloxy- 5 -[ [dimethyl (1,1- 

, M /i • i q 3? • rhpm " " Eur . J • 19 9 6, 

' dimethylethyl)silylIoxy]-2-pentanone (14.35., Cnem. 

a S o 11> 1477-1482) or the yield^that is achieved in the- 
production of OS, --3- I tdimethyl (l. l-dimethyiethyl> silyl] oxy, -5- ■ 
adimethyKl.X-dimethylethyDsilyllcxyi^-pentanone ,20.58,,. 

• ■wgew. Che'm. 1997, 109, NO': 5, 543-544). 

This comparison. is based on the yields that are indicated xn 
. the above-mentioned bibliographic references, whereby- as . 

it is to be taken into consideratron 
already mentioned aoove it is. to 

' - tt at the compounds .that are. obtained according to the known 

accesses do not accumulate in an enantiomer-pure manner, so that 
t „. actual yield of the enantiomer-pure compounds in option „ 

■ lower, and an additional- purification step in this or a later 
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process stage is- necessary for obtaining an enant iomer-pure 
compound. 

The process according to the invention, moreover, makes 
possible a very wide variation of the substituents in this CI3- 
C1S component. 

This invention thus relates to a process for the production 
of the compounds of general formula O, which is .characterized in 
that L-(-) -malic acid, D(+) -malic acid or racemic malic acid is 
used as, a starting product . 

Optically pure D-( + )- or L-(-) -malic acid is preferably 

used. 

The invention also relates to the intermediate compounds, 
occurring in the process, of general formulas V, VI and VI'. 
(combined below as VI")' 




VI" 



in which 

pj / 5G v and P. 3 have .the meaning that is indicated in general 

formula C , and 
PC> H stands for a hydrogen atom or a. protective group PC- 2 . 
These compounds are produced according to the invention in 
that an crgancmetaiiic compound of general formula 



i- which R 1 has the meaning that is indicated in general 

formula C , and 
Y stands for an alkali metal atom or MZ, 

whereby M is a divalent metal acorn and Z is a 
halogen atom. 
idded to a compound of general formula IV 



HO' 

PG 1 



0- 

V IV 




in which PG 1 has the meaning that is indicated in general formula 
C, while a-lactol ring is opened up . 

Lithium is preferred as an alkali atom. 

in the case of MZ , magnesium and zinc are preferred for the 
divalent metal atom; as a halogen -atom, primarily chlorine, 
bromine and iodine are considered':' - 

in addition, this invention relates to the new C13-C1S 
epothiione components of general formula C 




C 



in which 

■ R 1 means hydrogen, c,-C M alkyi, aryi , C--C., araikyi, which 
ca.r; 1 be s\ibscitutec, 
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r2 . means hydrogen or a protective group PG 1 , 

r3. means ' a' -hydroxy group/ halogen, a protected hydroxy 

group OPG 2 , a phosphonium halide radical ' PPh/Kal" (Ph = 
phenyl; Hal = F ,- CI, Br, I), a phosphpnate radical 
P(0) (0Q) 2 (Q.=. C r C 10 ; alkyl or- phenyl) or. a phosphine 
oxide radical P (0) Ph 2 (Ph = phenyl) , 
X means "an oxygen atom, two alkoxy groups '-OR 4 , a .C 2 -C 1Q ' 

alkylene-a,a>-dioxy group,: which can be straight - chain • 
or branched, H/OR 5 or a grouping CR 6 R 7 , 



whereby ". .. . 

r^ stands for a C^-C^ alkyl radical, L 
■ r5 stands for hydrogen or a protective group -PG 3 , 
■r 6 ,.r 7 are the- same or different and stand for 
- ' hydrogen, a C,-C 20 alkyl,' aryl, C 7 -C 2Q aralkyl . 

radical or R 6 and R 7 together with the methylene ■ / 
carbon atom together stand for a 5 - . to 7 -membered 
carbocyclic ring, 

.whereby not at the same time 

R 1 .'can be a methyl group , R 2 can be a tert- 

butyldimethylsilyl radical or. benzyl radical, R 3 
can be an o- tert-butyldimethylsilyl radical and X 
•can be 'a (2 -methylthiazol -4 -yl) methylene radical 
•or 

R 1 ■• .can be a methyl group ,. R 2 can be a tert- 
butyldimethylsilyl radical, -R 3 can be a 
triphenylphosphonium iodide' radical, and X can.be 
a (2-methylthiazol-4-yl)methyiene radical. 
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The compounds" that were already produced by Schinzer et al . 
according to a process other than that according to the invention 
(Chem. Eur. J. 1996, 2, No. -11, 1477-1482 and Angew.. Chem. 1997, 
109, No. 5, 543-544) are excluded by the first disclaimer. 

The .second disclaimer takes into' consideration the (5E,.3S- 
[3- [ C (1, l-dimethylethyl) dimethylsilyl] oxy] -4 -methyl- S - (;2- 
methylthiazol-4-yl) -pent-4 -en-l-yl] - tr iphenylphosphonium iodide ' 
mentioned by K. C. Nicolaou et al . in Nature , Vol. 387, 1997, 
2 68 -2 72 ... 

For the more detailed explanation, of substituents R 1 , . R 4 , R 6 , 
R 7 , PG 1 , PG 2 and PG 3 occurring in the compounds of general formula 
C .the statements made above for -the substituents, of general 

formula G ' hold, true .. 

According to the invention, bhose. compounds of general 
formula C are preferred in which 

■ ' R 1 stands for a hydrogen atom, an optionally substituted 
C,-C 4 alkyl radical, a phenyl radical optionally 
substituted with 1 to 3 radicals, selected from the 
• group of substituents halogen, free hydroxy group or ; 
' protected hydroxy group 0PG\ C r C A alkyl , ' azido , nitro, 
nitrile and amino (NH 2 ) , and/or - 
' x stands for an oxygen atom, and/or 

the aryl radical that stands for R 6 and/or R 7 stands. for a. 
phenyl radical optionally substituted with 1 to 3 
• radicals,, selected . from the group of substituents . 
halogen, free hydroxy group or protected hydroxy group 
OFG 5 , C0 2 K,. C0 2 -alxyi, C r 'C 4 alkyl, azido, nitro, 
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nitriie, amino (NH 2 ) or for a 5- or 6-memberad 
hetaroaryl radical optionally substituted with 1 to 2 
C/-C, alkyl radicals, 
' in particular 'for a substituent that is selected from the 
group '.2-, 3-furanyl, . 2- , 3-, .4 -pyridinyl ,. 2-, 4-, 5- 
' thiazolyi-, 2-, 4- and 5 -imidazolyl radical, which • 
optionally is -substituted by 1 or 2 C,-C 4 alkyl 

radicals, and/or . • • 

PG 1 , PG 2 and PG 3 are selected - from . the group of ,subst ituents 
" methoxymethyl, . methoxyethyl, ethoxyethyl, 

tetrahydropyranyl, tetrahydrof uranyl , trimethylsilyl , 
•. triethylsilyl, tert-butyldimethylsilyl , tert- 
. butyldiphenylsilyl, tribehzylsilyl , triisopropylsilyl , 
benzyl, para-nitrobenzyl , .para-methoxybenzyl , acetyl, 
propionyl, butyryl and benzoyl radical, 
in particular PG 1 is a tert-butyldiphenylsilyl radical, / 
tert-butyldimethylsilyl radical or triisopropylsilyl 

radical and _ ■ 

' in particular PG 2 ' is a tert-butyldimethylsilyl radical, 
acetyl radical,' benzoyl -radical,, benzyl radical or 

tetrahydropyranyl. radical. 
■ As t protective groups FG 4 'and PG 3 , ail protective groups tha 
are indicated above for PG 1 , PG 2 and PG 3 are suitable.' 
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, . . ^'-i fr^^g-ts ASC and their cyclization to 

Representation o l yc-i. u ^i ^ -d-u.^.-u - — 



In this respect, the processes that 
»7 5L 200.3 and FCT/EP9a/0SQS4 are suitable 

~ creneral forraula AB 



re also described in DE 



Parciai 



1 fraaments oj 
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in which R 1a \ R lb ', R 2a \ R 2b ' R 3 . R 4a > * 4b . R5 ' R13 ' R " D ' E ' V 3nd Z haVe ^ 
meanings already mentioned, and PG 14 represents a hydrogen atom or a 

protective group PG, are obtained from the previously described fragments A 
and B according to the process that is shown in Diagram Reaction scheme 8. 

Diagram Reaction scheme 8 



V - D 




w 




Compound S, in which W has the meaning .or an oxygen acom 

optionally. present additional carbonyl groups are protected, 

alkylated with the enolate" of a carbonyl compound of general 

formula A. The enolate is produced by action of strong bases 

• -= pc lithium diisopropyiami.de, lithium 
suCia <=■= , e . "3 • / .-•>-- 

hexamethyldisilazane at low temperatures. 



Partial fragments of general formula ABC 




OPG 



ASC, 



in which R", R 1b ', R 2a ', R 2b '. R 3 . R 4a . R". R 5 . R6 . r7 « r8 ' R13 ' R14 - D ' E ' U and Z 
have the already mentioned meanings, are obtained from previously described 
fragments AB and C according to the process that is shown in Diagram Reaction 
scheme 9. 



Oingrnm pMrfinn scheme 



R 3 



R^l X , >L ^ .R r ■ b 



R 14 2 R 



AB 




ABC 



step b (ab Vc ##r ABC) : 

Compound C, in. which R 21 has the ■ meaning . of a Wittig sale, 
and' optionally present additional carbonyl groups are protected, 
is deprotonated by a suitable base, such as, e.g., n- 
butvilithium, lithium diiaopropyliiide, potassium tert- 
butanolate, sodium- or lithium-hexamathyldisilazide and reacted 
with a compound A3 , in which V has the meaning of an oxygen atom. 

steo c <*BC S#S II t 

" co^ounds ABC. in .which R « r«pr..«at. « 
and R» represents a hydrogen atom, «. reacted according to te, 
methods' that are tao« to one ,kUW l» <*« art for the 

formation =f large macrolidas to form compounds c! formula I. in 
WM«h Y has the canine of an o:tygen .to.. Preferred is the 
method that is described in peasants tor organic Synthesis, Vol 
,« '* 353 . with use «£ a,4, S -tri=hicrcbenzoic acid chloride and 
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suitable bases, such as, e.g., trie thy! amine , 
iimethylaminopyridine, and sodium hydride. 



Step d (ABC ###!):• -' 

Compounds/ ABC,: in .which R 13 represents a group CH.OE and.R 20 

represents a hydrogen ■ atom, can be reacted, preferably with use -of . 

trip-henylphosphine and. azcdiester.s., such as, for .example, 

azodicarboxylic acid diethyl' ester, to ' form compounds of formula ^ 
I, in which Y has' the meaning of two hydrogen atoms. 

Compounds ABC, in which R 13 represents a group CK 2 OS0 2 alkyi 
or CH 2 OS0 2 aryl or CH 2 OS0 2 aralkyl and R 2Q represents a . hydro.gen. : " 
atom, can be cyclized to compounds of formula I, in which Y has ' 
the. meaning of two hydrogen atoms, .after deprotonat ion with 
.suitable bases, such as, for example, sodium hydride, n-. 
butyl lithium, 4 -dimethylaminopyridine , Hiinig base,, and T . 
alkylhexamethyldisilazanes . ' 

'■ The flexible f unctionalizat ion of described components A, 3, 
and.C also ensures a linkage sequence that deviates from the 
above-described process and that leads to components ABC. These 
processes are listed in the following table: 



IS 



Possible Linkages 


Linkage Me chocs a 
■to e 


? r e r e gu is lcss 


A + 3 #Sir A - B ^ 


Aldol (see ©iagfam 
RMrition scheme 8) 


Z = W = oxygen 


B + C B - C 


b: Wittig 
(analogously to 
Diagram 

Reaction scheme 9) 
e: McMurry 


Wittig 'salt or 

phosphine oxide or 

ph-osphonate 

U = V = oxygen 


A + C A - C 


jc: Esterif ication; 
(e.g., 2,4,6- 
trichlorobenzoyl 
chloride/4 - 
di me t hy 1 amino - 
pyridine) ' 
d : ether if ication 
"(e.g. , Mitsuncbu) 


r 15 = C0 2 R 13b or 
■ COHal and 
R ZQ = hydrogen 
R 13 = CH 2 OH and R~ G 
— hydrogsTi or SCu- 
alkyl or S0 2 -aryi 
or SO,-aralkyi 



so 



According to these processes, components A, B and C, as indicated in 
Diagram Reaction scheme 1 0, can be linked: 



Diagram Reaction scheme 10 



b or e 



A-E-C 



c or d 



A + B 



A -' 3 + C 



I' 



c or d . C - B " A b or e 



C-A-3 



b or e 



■A " + '. C c ar d C - A + 3 



b or 3 



B-C-A 



T ' 



C-3 - A 



c or d 



B + C 



b or e 



c or c 



A-C-3 



Free hydrcxyl croups in I, A, 5, C, AB, ABC can be fur the 
functionally modified by etherif icat ion or ester if ication , fre 
carbonyi groups by legalization, enoi ether formation or 
reduct ion . 

The invention relates to ail stereoisomers of these 
compounds and also their mixturas . 
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Biological Act-ions and Applications, of the New Derivatives : 

The new compounds of formula I are valuable pharmaceutical . 
agents.' They interact with tubulin by stabilizing microtubul.i 
that. are - formed and are thus able. to influence the cell-splitting 
in a phase-specific manner. This ' relates mainly to quick- 
growing , ■ neoplastic cells, whose growth is largely unaffected by 
intercellular regulating mechanisms: Active ingredients of this 
type are in principle . suitable for treating .malignant tumors ; As 
applications', there can" be mentioned, for example, the therapy of 
ovarian, stomach, colon, adeno-, breast, lung, head and neck . 

"carcinomas, malignant .melanoma, acute lymphocytic" and myelocytic 
leukemia. "^The compounds according to the -invention are. suitable 

' owing to . their properties basically for anti-angiogenesis therapy 
as well as for- treatment of chronic inflammatory diseases , such 

as, for example, psoriasis or arthritis. To avoid uncontrolled 

proliferation of cells and for better compatibility of medical 

• implants, they can basically be applied or introduced . into, the 
polymer materials that are used for this purpose. The compounds • 
according to the invention can be used alone or to achieve 
additive or synergistic actions in combination with. other- ■ 
principles and classes of substances that car- be used - in tumor 

therapy t . • ; \ 

As examples, there can be mentioned the combination with 
0- Platinum "complexes, such as, e.g., cis -platinum, 
carboplatinum. 
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0 intercalating .substances, e.g., from the class of 

' anthracvclines, such as, e.'g., doxorubicin .or from the 
class of anthrapyrazoles, such as, ■ e g . , CI - 94 1 , 
0 substances that -interact with tubulin, e ,g . , fromthe 
class of vinca -alkaloids, such, as,' .e.g.,. vincristine, 
vinblastine or from the class of taxanes, such as, 
e .g. , ' taxol, taxotere or from the class of macrolides, 
such as, e.g., rhizoxin or other compounds, .such as, . 
e.g., colchicine, combretas tat in A-4, 
0 DNA topoisomerase inhibitors, such as , e.g., 

camptothecin, 'etoposide, topotecan, teniposide, . 
0 "folate- or. pyrimidine-ant imetabolites , such as, e.g.y 

lometrexol, gemcitubin, • 
Q • DNA- alkylating compounds, such cs, e.g., adozelesm, 

dystamycin A, 

Q. inhibitors of growth factors (e.g., of PDGF , ' EGF , TGFb , 
•EGF), such as, e.g. , somatostatin, suramin, bombesin 
antagonists, ... 

0" inhibitors of protein tyrosine kinases, or protein 

.kinases A or C, such as, e.g., erbstatin, gehistein, 
staurosporine, ilmofosine, 8-Cl-cAMP, 

0 , antihormones from the class of ant igestagens , such as, 
e.g., mifepristone, onapristone or from the class of 
antiestrogens; such as,; e.g.', tamoxifen or from the 
class of antiandrogens, such as, .e .g . , cyproterone 
acetate, 
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0 metastases -inhibiting compounds, e.g., from the class • , 
of eicosanoids, such as, e.g., PG1 2< PGE, , 6-oxo-PGE, as 
well as their more stable derivatives (e.g.-, iloprost, 
cicaprost/ misoprostol) , '" . 

0 inhibitors of oncogenic RAS proteins, which influence 
the mitotic signal transduction,, such as, for example, 
■inhibitors of the farnesyl -protein- trans f erase 

0 • natural or synthetically produced antibodies, which are 
'" -directed against factors or their receptors , which 
promote tumor growth, such as, for example, the erbB2 
antibody. ■ 

The invention. also relates to. pharmaceutical agents that- are 
based on. pharmaceutical^ .compatible compounds, i.e., compounds, 
of general, formula I that are nontoxic in the doses used, . 
optionally together with commonly used adjuvants and vehicles . 

. According to methods of galenicals that are known in the 
art, the compounds according to the invention- can- be. processed 
into pharmaceutical preparations for enteral, percutaneous, 
parenteral or local administration. They can be administered in 
the form of tablets, coated .• tablets , -gel capsules, granulates, 
suppositories, implants, injectable, -sterile, aqueous or oily ' 
solutions, suspensions or emulsions, ointments, creams, and gels . 

in' this case, the active ingredient or ingredients can be 
mixed with the adjuvants that are commonly used in galenicals, 
such as, e.g., gum arable; talc, starch, mannitol,' methyl : 
cellulose, lactose, surfactants such as. Tweens or Myr j , magnesium 
stearate, aqueous or non-aqueous vehicles, paraffin derivatives, 



cleaning, agents, dispersing agents, emulsif iers , preservatives 
and flavoring substances for taste correction (e.g., ethereal 

oils) . ' 

The invention" thus also relates to pharmaceutical 
compositions that as active ingredients contain at least one 
compound according. to the invention. A dosage unit contains- 
about 0.1-1.00 mg of active ingredient ( s ) . • In humans, the'' dosage 
of .the -compounds according to the invention is approximately 0.1- 

1000 -mg per day. , 

The examples below are used .for a more detailed explanation 
of the invention, without intending that it be limited' to these 
examples . ■ - 

In the assignment of numbers to "the examples .for the 
respective'' starting compounds' and in the assignment of numbers to 
-the examples for' the- compounds according to the invention, in 
each case the numbering begins with .Example 1: 
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Production of 'the Components of General .Formula A from 
Pantolactone or from Malonic Acid DialJcvl Esters (DE' 197 51 200.3 
or PCT/EPSa/05064) 

Example- 1 

(3S) -l-Oxa-2-oxo-3- ( te tr ahydropyran- 2 (RS) -yloxy) - 4 , 4 -dimethyl- 
cyclop en tane 

The solution, of 74.. 1 g (5S9.mmol) of D- (-) -pantolactone in 1 
1 of anhydrous' dichlorome thane is mixed with 102 ml of 3 ,4 - ' • 
dihydro-2H-pyran and 2 g of p- toluenesulf onic acid-pyridinium 
salt under an atmosphere of dry argon, and it is stirred for 16 . 

■hours at 23°C . It is poured into a saturated sodium bicarbonate- 
solution, the organic phase is separated, and dried on- sodium 
sulfate.. After filtration arid removal of .the solvent, the 

'residue is chromatographed on about S kg of fine silica gel with 
a mixture that consists of n-hexa"ne and ethyl acetate.. 119. 6. g 
(558 mmol, S8%) of the t itle compound ■ is . isolated as a colorless 
oil . ' 

1 H-NMR (CDC1 3 ) : 5 = 1.13 (3H) , 1 . 2 2 ' ( 3H) , • 1 . 4 6 - 1 . 91 (6H), 
3.50-3. 61 (1H), 3.86 (1H), 3.92 (1H), 4.01 ('1H) , 4 . 16 (1H) , 5.16 
(1H) ppm. ... 

» ■ 

Example -2 

( 2RS , 3 S ) - l-Oxa- 2 - hydroxy - 3 - ( tetr ahydropyran- 2 (RS ) -yloxy) - 4 / 4 - . 
dimethyl -eye lop entane 

The solution of 117.5 g (548 mmol) of the compound, 
presented according to Example 1, in 2.4 1 of anhydrous toluene . 



is cooled under an atmosphere of .dry argon to -70°C, mixed within 
1 hour with 540 ml of a'i:2 molar solution of diisobutylaluminum 
hydride in. toluene, and it is stirred for 3 more hours at -70°C. 
It is allowed to heat to -20°C, mixed with saturated ammonium 
chloride solution, water, and 'the .precipitated aluminum' salts are 
separated •by filtration on Celite. . The filtrate is washed with 
water -and saturated sodium chloride solution. and dried' on 
magnesium, sulfate! ,' After filtration and removal of. the solvent, . 
111.4 g' (515 mmol, 34%) of the title' compound is isolated as a 
colorless; oil, which is further reacted without purification. 

iR(CHCl 3 )': .3430, 3 0 13 , .2 95 0 ,- 2 874 , 1262 , 1133 , 1074 , 1026 
and 8 08 cm.' 1 . 

Example 3 • 

(3S) -2 ,2 -Dimethyl- 3- < tetrahydropyran- 2 (R) -yloxy) -pent-4 - en- l-ol 
and (3S) -2,2-dimethyl-3- ( te tr ahydr'opyxan- 2 (S) -yloxy) -pent-4 -en-1- 

ol . . 

. The suspension of 295 g of .methyl-triphenylphosphonium 

bromide in 2.5 .1' of anhydrous te trahydrof uran is :mixed under an. 

atmosphere of dry argon at -60°C with 313 ml of a 2 . 4 molar 

' solution of n-butyllithium in n-hexane, allowed to heat to 23°C, 

stirred for one more hour and cooled' to 0°C . -It is mixed with 

the solution of 66. -2. .g (306 mmol) .of the compound, presented 

according to Example. 2, in 250 ml of te trahydrof uran, allowed to 

heaf to 2 3°C and stirred- for 18 hours. It is poured into a 

saturated sodium bicarbonate solution, extracted several times 

with dichloromethane, and the combined organic extracts are drie 
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on sodium sulfate. After filtration and removal of the .solvent, 
the residue is chroma tographed on about 5 1 of fine silica gel 
with a gradient .system that ' consist s of n-hexane and ethyl 
acetate. 36.5 g (170 mmol, 56%) of the nonpolar TH?- isomer of 
the title compound/ 14.4 g (67.3 mmol, 22%) of. the polar THP- 
isomeir of the title compound; as well as ' 7 . 2 . g (33.3 mmol; 11%) 
of the starting material in each case are isolated- as a colorless 

oil. ^ ' ' . 1 " ' - • / 

1 K-NT4R \(CDC1 3 ) , nonpolar isomer: 5 = 0.73 (3H) , 0 . 92 (3H) , 
1 .41-1. 58 . (4H). , 1.63 -1.87 (2H) , 3 .18 ( 1H) , 3 . 4 1 . ( 1H) , 3 .48 (IE) / 
3.68 (1H), 3.94 (IK), 4.00. (IK) ., 4.43 (1H), 5.19 (1H),' 5.27 (1H), 
5 . 7 5 (IE) ppm. 

^-NMR (CDC1 3 ) , polar isomer: 5 = 0.83 (3H), 0.93 (3H), 
1.. 42-1. 8.7 (6H), 2.76 (IK),' 3.30 (1H) , 3.45 (IK), 3.53 (IK),. 3.83 
(IK)-, 3.8 9 (lH) / -4.65 (IK), 5 .12 - 5 : 2 7 (2K) , 5.92 (IHj ppm,_ 

Example 4 

(3S) -1- (tert-Butyldiphenylsilyloxy) -2 , 2 -dimethyl -pent aiie- 3 - 
"(tetrahydropyran-2-yloxy) -pent-4-ene ; 

The solution of S9.3 g (277 mmol) of the THP- isomer -mixture, 
presented according to Example 3, in 1000 ml of -anhydrous 
dimethyl formamide is mixed under an * atmosphere of dry argon with 
23 g of imidazole and a 5 ml of tert-butyldiphenylchlorosilane., . 
and it is stirred for 16 hours at 23°C. It is poured into water, 
"extracted several times with dichloromethane , the combined 
organic extracts are washed with water and dried on sodium 
sulfate. . After filtration and removal of the solvent, the 
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residue is ' chromatographic!, on fine silica gel with a gradient, 
system that consists of n-hexane and ethyl .acetate . 106.7 g (236 
mmol, 85%) of the title* compound- is isolated as a colorless oil. 

1 H-NMR (CDC1 3 ) : .0 = 0.89. (3E), 0.99 .(3H), 1.03, (95), 1.-34- 
1.82 (6E), 3.40 (IE), 3.51 (2E), 3.76 (IE)/ 4.02 (IE).,' 4.67 (IE), 
5, 18 (1H), 5.23 (IE) , 5 .63 (IE) ,' 7.30-7.48 . (6E) , 7 6 0 - 7 . 7 3 ( 4H) 
ppm: ' . . * < . . 

Example .5 

(3S) -1- ( tert-Butyldiphenylsilyloxy) -2 , 2 -dimethyl- 3 - 
(tetrahydropyran-2-yloxy) -pentan-5-ol 

The splution of 3.09 g (6.83 mmol) of the. compound, 
presented according to Example 4, in 8 2 ml of tetrahydrof uran is 
mixed with 13.1 ml of a 1 molar solution- of borane in 
tetrahydrof uran under an atmosphere, of dry argon at 23 c C,.:and it, 
is allowed to react for l'hour. "Then, while being cooled with 
ice, it is mixed with 16.4 ml" of a 5% sodium' hydroxide solution 
as well as 8.2 ml of a 30%' hydrogen peroxide solution, and it is 
stirred for another 3 0 minutes.' It is poured into water, 
extracted several times with ethyl acetate, the combined organic, 
extracts are. washed with water, saturated sodium chloride 
solution and dried on magnesium sulfate. The residue 1 that is . 
obtained after filtration and removal of the solvent Is purified 
by chromatography on -fine silica gel with' a gradient system that 
consists of n-hexane and ethyl acetate. 1.78 -g (3.73 mmol, 55%) 
of the' title compound is isolated as a chromatographically 
separable mixture of " the two .TEP-epimers , as well as 0.44 g (1.14 
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mmol, 17%) of the. title compound of Example 6 in each case as a 
colorless oil. 

i 

^-NMR (.CDC1 3 ) , nonpolar THP - isomer : 8 •= 0.8 0 (3K)', 0.8 8. 
(3H) # 1.10 (9E), 1.18-1.80 (9H), 3.27 (1H), 3.39 (IE), 3.48 (IE), 
3.64 (IE), 3.83 (IE), 3 . 9 0 - 4 . 0 8" ( 2E) , 4/49 ( 1H) , ■ 7 . 3 1 - 7 . 5 0 (6E) , ■ 
7.58-7.73 (4H) ppm. • 

' 1 E-NMR (CDC1 3 ) , polar THP- isomer :.' 6 = 0.89 (3E)', 0.98 (3E), 
1.08, (9H) , 1.36-1.60 (4E) , 1.62-1.79. (3H), 1.88 (IE), '2.03 (IE), 
3.37 (IE)',. 3.5.0 (IE),. 3.57 (1H), 3 . 6 2 - 3 . 8 3 . ( 4H) , 4 . 7 0 (IE), 7.30- 
7.48" (6E) ," 7.61-7.73 (4E)ppm. / 

Example 6 1. 

(3S) -1- { tert-Butyldiphenylsilyloxy) -2 , 2 -dimethyl -pentane- 3 , 5-diol 

■ The solution of 570 : mg .(1.55 mmol) . of the compound,- 
presented according * to', Example 12, '.is reacted analogously to ■ 
Example 5, and after working-up and' purification, 410 mg (1.06 
mmol, 68%) of the title compound is isolated as a colorless oil . 

'H-NMR (CDC1 3 ) ; : 5 = 0 . 82 (3H), 0.93 (3E), 1.08 (9E), 1.56- 
1\1S (2H) , 3.11 (IE), 3.50 (2H), 3.78-3.92 ( 3H) , ' 4 . 0 2 • ( IE) , 7.34- 
7.51 (SH), 7.61-7.71 (4H) ppm. 

Example^ 7/ .Variant -I 

4 (S) - [2 -Methyl- 1- ( tert-butyldiphenylsilyloxy) -prop-2-yl] -2,2- 
dimethyl- [1, 3] dioxane 

The solution of. 100 mg (0.212 mmol) of the compounds, 
presented according to. Example 5, in 2 . 6 ml of anhydrous acetone 
is mixed with 73.9 mg'of copper (II) sulfate, a spatula tip full 
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of d- toluenesulf onic acid-monohydrate under an atmosphere .of 'dry 
argon, and it is stirred for IS' hours at 23°C. It is mixed with 
.saturated sodium, bicarbonate solution, extracted several times 
with diethyl ether, washed' with saturated sodium chloride 
solution and dried on sodium .sulfate . The residue that is • ■ 
obtained after "filtration- and removal of the solvent is purified 
by chromatography on fine silica gel with a gradient . system that 
• consists of n-hexane and ethyl acetate. 2 4 .mg- (56 jimol, 27%) of 
the title compound is isolated : ..as' a colorless oil. 

' 1 H-NMR (CDC1 3 ) : -5 = 0.83 (3H)„ 0.89.C3H), .1.07 (9H) ,1.30 
(1H), 1.36 (3K), 1.44 ; (3H)'/ 1.71 (1H), 3.24 (1H), 3.62 (IK), 2. 86 
(1H) , 3.91>4;03 (2H), 7.31-7.48 (6H). , 7.61-7.74 (4H) ppm . 

•' Variant II . , • 

'320 mg (0.88 mmol) of . the _oo_mpourid, presented according ..to 
Example 6, is ' reacted ..analogously^ 'to Example 7; variant 1, and 
after working-up and purification, 234 mg (0.548 mmol, 62%) of 
the title compound is Isolated.' 

Variant III 

The solution of 5.60 a (14'. 5 mmol) of the compound, 
presented according. to Example 6, in 25 0 ml of anhydrous 
dichlorome thane, is mixed with 10 ml of 2 , 2 -dimethoxypropane , . 145 
mg. of camphor -10 -sulfonic acid under an atmosphere of dry argon, 
and it. is stirred for 6 hours at 23°C. It is mixed -with 
triethylamine, diluted with ethyl . acetate , washed with saturated 
sodium bicarbonate solution and dried on sodium' sulfate . After 
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filtration and removal of the solvent, the residue is 
chromatographed on fine silica gel with a mixture that consists 
of n-hexane and ethyl acetate. 5.52 g (12.9 mmol, 8 9%) of the 
title 'compound .is isolated as a colorless oil. 

Example 8 . 

(4S) -4- (2-Methyl-l-hydroxy-prop-2-yl) - 2 , 2- dimethyl- [1, 3] dioxane 

The solution of 5.6 g (13.1 mmol) of the compound, presented 
according to Example 7, in 75 ml' of. anhydrous . tetrahydrof uran is 
mixed with 39 ml of a 1 molar solution of tetrabutyl ammonium 
fluoride in tetrahydrof uran tinder an atmosphere of dry argon, and 
it is heated, for IS hours to 50°C. It is mixed with saturated 
sodium bicarbonate solution, extracted several times. with ethyl 
acetates-washed with saturated sodium chloride solution and dried 
on sodium sulfate. The residue that is obtained after filtration 
and removal of the' solvent is purified by' chromatography on fine 
silica gel .with a gradient system that consists of n-hexane and 
ethyl acetate. 2.43 g (12.9 mmol, 99%) of the title compound is 
isolated as a colorless oil. . . ' 

1 H-NMR (CD'Clj).: 5 = 0.87 (3H),-0..90 (3H), 1.35 (1H), 1.37 

(3E), 1.43'" (3H)-, 1.77 (1H), 2.93 ( 1H) , .3 . 3 6 . ( IE) , 3.53 (1H), 3.79 

(1H.) , • 3 t . 8:7 (IE), 3.96 (IE) ppm. 

c 

Exaonple 9 , 

(4S) - 4- (2 r MetIiylrl-oxo-prop-2-yl)--2 / 2 -dimethyl- [1, 3 ] dioxane ' 
•The solution of 0.13 ml of oxalyl chloride in 5 . 7 ml of 
■anhydrous dichloromethane is cooled under an atmosphere 'of dry 



92 



argon to -7 0°C / mixed with 0.21 ml of dimethyl sulfoxide/ the - 
solution of 2Q0 mg (1.06 mmol) of the compound, presented 
according to Example 8,. in 5.7 ml of anhydrous ' dichlorome thane , 
and it is stirred .for b . 5 -hour . Theri, it is mixed with 0.65 ml 
of triethylamine , allowed to react for 1 hour at -3G°C and' -mixed - 
.with n-hexane and saturated sodium bicarbonate solution. The 
organic phase is ' separated, the aqueous phase is extracted 
several more times with n-hexane, the combined organic extracts 
are washed with water and dried on magnesium sulfate. The . 
residue that- is obtained after filtration and removal of the 
solvent is .further reacted without purification.' 

Example' 10 

(4S) -4 -"(2 -Methyl -3 (RS) -hydroxy -pent -2 -yl) - 2 , 2 - dimethyl - 
[1,3] dioxane 

The solution of 90 0 mg (4 . 83-- mmol )" of the compound, 

presented according to Example- 9, in 14 ml of anhydrous diethyl 

ether is . mixed .under an atmosphere of- dry argon at 0°C with 2.-42 

.ml of a 2.4 molar solution of ethylmagnes ium bromide -in diethyl 

ether, allowed to heat to 2 3°C'and stirred for 16 hours. It is 

mixed with saturated ammonium chloride solution, the organic 

uhase is separated and dried on sodium. sulfate . The residue that 
— » - ~ 

is obtained after filtration and removal of the solvent is 
purified by chromatography on fine silica gel with a gradient 
system that consists of n-hexane and ethyl acetate; 321 mg ■ (1.43 
mmol, 31%) of the nonpolar 3R- or 35-epimer of the title 
compound, 542 mg (2.51 mmol, 52%) of the polar 33- or 3E-epimer 
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of the title compound. as . well as 77 mg of the title compound that . 
is described in Example 8 are isolated in each -case • as ■ a 
colorless oil . 

'H-NMH. (CDC1 3 ) of nonpolar isomer: 5 = 0.86. (3H), 0.8 9 
(3H) , 1.03 (3H) , -1.2S-1-.37 (2H),' 1-37. (3S), 1.46 (3H), 1.49 (IE), 
1.84 (1H) , 3.35 (1H), 3.55 (1H), 3.81-4.02 (3E) ppm. 

^H-NMR (CDC1 3 ) of polar isomer:. 5 = 0.72 (3H), 0.91 (3H) 
0.9-9 (3H) , 1.25-1.44 (2E), 1.38 (3E), 1.43 -1.60 (IE)', 1.49 : (3H)., 
1.76 (IE), 3.39 (IE)., 3.63 (IE), 3.79-4.03 (3H) ppm. V 

Example- 11 

(4S) -4- (2-Methyl-3 -oxo -pent- 2 -yl) -2 , 2 -dimethyl- U, 3 ] dioxane 
The. solution of 85.0 mg (3.93 mmol) of a mixture of the 
compounds presented according to Example 10, in . 63 ml of 
anhydrous dichloromethane is mixed with- a molecular sieve (4A, 
about 80. balls); 690 mg of N-methyimorpholino-N-oxide , 70 mg of 
tetrapropylammonium perruthenate, and it is. stirred for 16 hours 
at 2 3°C under an atmosphere of -.dry argon. It is concentrated .by 
evaporation, and the crude 'product that .is' obtained is purified 
by chromatography on about 200 ml of fine silica gel with a 
gradient system that consists of n-hexane and ethyl acetate. .728 
mg (3.3,9 mmol, 86%) of the title compound is isolated as a 
colorless oil. ' 

1 H-NMR (CDC1 3 ) : 5'= 1.00 (3H), 1.07- (3H), 1.11 (3S), 1.31 

(IS), 1.32' (3H) , 1.41 (3H), 1.62 (IE), 2.52 (2E), 3.86 (IE)., 3.97 

(IE) , 4.05 (IE) ppm: 
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Example 12 

(3S) -1- ( tert-Butyldiphenylsilyloxy) -2, 2 -dimethyl- 3 - hydroxy -pent - 
4 - ene 

The solution' of 106.7 g (236 mmol) of .the compound, 
presented according to Example 4, in 1.5 1 of anhydrous ethanol 
is mixed with 5.9 g of pyr idinium-'p - toluenesulf onate under ah' 
atmosphere 'of dry argon, -and it is heated for 6 -.hours to 50°C. ■ 
After removal of the. solvent, .the. residue is • chromatographed . on 
fine silica gel with a mixture that- consist s- of -n-hexahe and 
ethyl acetate. .82.6 g (224 mmol, 95%) of the title compound is 
isolated as a colorless oil,, in which in addition about 5 g of 
ethoxy-tetrahydropyran is contained. 

1 H-NMR (CDC1 3 ) of an analytic sample: 5 = 0:89 (6H), 1.08 
(9H), .3.45 (1H) ,.3 .49 (1H) , 3 .58 (1H) , 4.09 (IE), 5.21 (1H), 5.33 
(1H) , 5.93 (1H), 7.34-7.51 (6H), 7.63-7.73 (4H).:ppm. 

Example 13 - 
(4S ) - 4 - ( (2RS) - 3 -Me thyl- 2 -hydroxy -prop - 3 -yl) -2,2- dimethyl - 

[1,3] dioxane 

Analogously to Example 10, 450 mg (2.42 mmol) of the 
compound that is presented according .to Example 9 is reacted with, 
use' of methvlmagnesium bromide. After working-up and. 
purification, ' 431 'mg (2 . 13 ,-mmol , 88%) of a chromatographic ally 
separable mixture of the epimeric title compounds is isolated as 
a colorless oil. . 
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Example 14 

(4S)- -4- (3 -Methyl-2-oxo-prop-3 -yl) -2 , 2 -dimethyl- [1, 3] dioxane 

Analogously to Example' 11, 420 mg (2.08 ramol) of the 
compounds that are presented according to Example 13 is reacted. 
After working- up and' purification, 383 mg (i\94 mmol, 93%) of the 
title compound is isolated as a colorless oil. 

'H-NMR (CDC1 3 ).: 5 = 1.03 (3E)., 1.12 (3H),- 1.33 (3E),.1.35 
(1H), 1.42.(3H). ( 1.S3 (1H), 2.17 ( 3E) \ 3 . 87 ( 1.H) , 3 . 98 ( IE)' , . 4 . 04 
(1H) ppm. 

Example 15 ( 4S ) - 4 - ( (3R.S ) -2 -Me thyl- 3 - hydroxy- hex - 2 -yl) - 2 , 2 - 
dimethyl- [1,3] dioxane . 

. Analogously to Example 10, 450 mg' (2.42 mmol) of the 
compound that, is presented according to Example 9 is reacted with 
use of n-propylmagnesium" bromide. After working-up and 
purification, a total of 244 mg (1^0 6 mmol, 44%) of a. separable 
mixture, of the .epimeric title compounds and 191 mg of the title 
•compound that is described in Example 8 is isolated in each case 
as- a colorless oil: 

1 H-NMH (CDC1 3 ) of nonpolar isomer: ,6 = 0.87 (3E), 0.89 

(3E),0.94 (3H) i 1.25.-1.52 (4E), 1.33 (3E), 1.45 (3HJ/.1.6S (IS), 

1,85 (IE), 3 ..46 (1H), 3.80-4.02 (4E) ppm. 

1 E-NMR (CDC1 3 ) of polar -isomer': <5 = 0.73 (3E), 0,92 (3E)-, 

0.95 (3H), 1.19-1. .84 (SH), 1.37 (3H),' 1.49 (3H), 3.49 (IE), 3.60: 

(1H) , 3.80-4.03 (3E) ppm. ' 
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Example 16 

(4S) -4- (2 -Methyl-3 -oxo-hex-2 -yl) -2 , 2 -dimethyl- [1, 3]- dioxane 

Analogously to Example 11, 23 0 mg (1.00 mmol) of the 
compounds that are presented according to Example 15" is reacted. 
After working-up and purification, 185 mg .(.0.81 mmol,. 31%) of the 
title compound is - , isolated as a'colorless oil. 

' 1 H-NMR ■ .(CDC1 3 ) : '5 = 0,S8''-(3H), 1.04 (3H)-, 1.12 (3K), 1.22- 
l'.37-(lH) / 1.31 (-3H) , 1.40 (3H), 1.48-1.71 (3H), 2.46 (2K) , .3 . 8:3 
(1H), 3.96 (1H), 4.04 (1H) ppm . ■ 

Example 17 

( 4R ) _4._ (2-jWethyl-3"-oxo-pent-2-yl) - 2 , 2 -dimethyl- [1, 3] dioxane 

Starting from L-{ + ) -pantolactone , the title compound, is . \ . 
produced via , the respective enantiomeric intermediate stages " 
analogously to : the processes that are "described in Examples .1. to 
9 and 12 . 

1 H-NMR -(CDCl 3 ) : 5 = 1.00 (3H), 1.07 (3H), 1.12 (3E),- 1.24- 
1.37 ; (1H) 1.31- (3H), 1.40 ( 3H ) , 1 . 6 1 ' ( 1H1 , 2.50 (2E), 3.84 (IK), 
3 .95 (1H) , 4.03 (1H) .ppm'. 

Example 18 

(4R) -4- f (3 -Methyl- 2 -oxo-prop-3 -yl) -2 , 2-dimethyl- [1, 3] dioxane \ 
Starting ' from L- ( + ) -pantolactone , -the title compound .is 
produced , via the respective enantiomeric intermediate . stages 
analogously ' to the processes that are described in Examples 1' to 
9 and 12 to 14 . 
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' 'E-NMR (CDCI3) : 5 =.1.07 (3H) , 1.12 (3H), 1.30-1.39 (1H) , 
■1.33 (3H), 1.43 (3H), 1 . 62 (IE), .2.17 (3H), '3.8-6 (1H),'3.9S (IK), 
4.03 ( 1H) ppm. 

Example 19 

(4R) -4- (2-Methyl-3-oxa-hex-2-yl) -2 , 2 -dime thy 1- [1, 3] dioxane 

Starting from L- ( + ) .-pantolactone , the tit ie compound is 
produced via the respective enantiomeric intermediate stages 
analogously "to the processes that' are described- in Examples' l. to 
? , 12 , 15 and 16 . ' 

• 1 H-NMR (CDCI3) : <5 = \0.88 (3H), 1.04 .(3H), 1.12 (3H), 1.22- 
1.37 (1H) ,rl.31 (3H) , 1.41 (3H) ,■ 1.48-1.72 (3H) , 2 . 4 7 . ( 2H)' , ' 3 . 8 4 
(1H)";. 3 :96.."(1H) , 4.05 (1H) ppm. 

ExaiSpl'e 20 . 

(2S, 4S) -2- (2 -Cyanophenyl) -4- [2 -melfchyl-l- (tert- 
butyldiphenylsilyloxy) -prop-2 -yl] - [1,3] dioxane 

The solution of 1.00 g (2.59 mmol) of the compound, 
presented according to Example 6, in 50' ml- of benzene, ;is mixed 
with 850 mg of ' 2 -cyanobenzaidehyde , a spatula tip full of p- . 
toluenesulfonic acid-monohydrate , and.it is rfefluxed for 16 hours 

in a water seoarator under an atmosphere of dry argon. • It is 
1 — 

mixed with 0.5 ml of trie thyiamine , diluted with ethyl acetate , 
washed with saturated sodium bicarbonate solution and dried on 
sodium ■ sulfate . After filtration and removal of the solvent, the 
'residue is chromatographed on fine silica gel with a mixture that 
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consists of n-hexane and ethyl acetate. 1.22 g (2.44 mmol, 94%) 
-of the title compound is isolated as a colorless oil. 

^-NIVIR ■ (CDCl 3 ). : 5 = 0.99' (6H), 1.05/ (9H)', 1.47 (1H), 1.98 
(IK), 3.34 (1H), 3.63 (IK). ,.3.96-4.09 (2H), 4.31 (1H), 5.75 (IE)', 
7.17 (2H) , 7 .24-7 . 51 (5H) , 7.51-7.74 (-7H) ppm . 

Example 21 

(2S, 4S) -2-X2 -Cyaixophenyl) -4- ( 2 -methyl- 1-hydroxy-prop - 2 -yl) - 
[1, 3 ] dioxane 

Analogously to Example 8, 1.22 g (2.44, mmol) of the compound 
that is presented according to Example 20 is "reacted and, ' after 
working-up* and purification, 593 mg (2.27 mmol, 93%) of the title 
compound is isolated as a colorless . oil . 

" 'H-NMR (CDC1 3 ) : 5;= 0.89 (3H), 0.97 (3H), 1.51 (IX), 2,01 
.(1H), 2.42. (1H), 3.31 (1H), 3.72 (IK), 3.97 (1H), 4.02 (1H), 4.39 
(1H), 5.73 (1H), 7.46 (1H), 7 . 6 3 TlH) , 7 . 6 9 (1H), 7.75 (lH).ppui. 

Example 2 2 

(2S, 4S) -2- (2-Cyanophenyl) -4- (2 -methyl- 1- oxo -prop -2 -yl) - . 
[1,3] dioxane > 

Analogously to Example 9, 570 mg ' (.2 . 18 mmol) of the compound 
that is presented according to Example -21 is reacted, and after 
working-up , ' 78.0 mg of the title compound is isolated as a. yellow 
oil, which is further reacted without purification. - - 
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Example 2 3 

(2S,4S-) - 2- (2-Cyanophenyl) -4- ( (3R5) -2 -methyl- 3 -hydroxy-pent - 2 -yl) - 
[1,3] dioxane - 

Analogously to Example 10, 780'mg (maximum 2.13 mmol) of the 
crude product that is presented according to Example 22 is 
reacted, and after working - up .and purification, 463 mg (1.62 
mmol-, 74%) of the epimeric title compounds is 'isolated as a 
colorless oil . - 

■ 'H-NMR (CDC1 3 ) : 5 = 0.81-1.09 (9E), 1.22-1.43 .(1H), 1.43- - 
1.70 (2H), 2'. 0 4 .(IE), 2.35 "(0.55H), 2.89 (G.45E), 3.41-3.59" (IE), . 
'3.89-4.13 (2H) , 4 . 3 6 . ( 1H) , 5 . 7 8 ( 0 . 4 5H) , ; 5 . 8 1 ( 0 . 5 5H) , 7 . 4 5 ■ ( 1H ) . , 
7 . 54-7 . 7.8 :(3H) ppm.' 

Example^ 2 4 

(2S,4S) -2- (2-Cyanophenyl) -4 -(2 -methyl- 3 -oxo -pent -2 -yl) - 
[1,3] dioxane 

Analogously to Example 11, 463 mg (.1.60 mmol). "of the 
compound that- is presented according to- Example 23 is reacted, 
and after working -up -and purification, 420 mg (i. 46. mmol, .91%) of 
the title compound is isolated as a colorless oil. 

'H-NMR (GDCI3) : 5 = 1.00 (3E), 1.19 (3H), 1.24 (3E), 1.49 
(IE), 1.92 (1H), 2.56 (2H), 4.03 .(IE), 4.16 (1H), 4.32- (IE), 5.78 
.(IE), 7.44 (1H) , 7.60 (IE), 7 . 6;4 - 7 . 7 2 ( 2E) ppm. 
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Example 2 5 : 
• (4S/2S) -4- [2 -Methyl -1- ( tert-butyldiphenylsilyloxy) -prop-2-yl] -2- 

phenyl- [1/ 3] dioxane 

' Analogously to Example 20, 1..00 g (2.5S mmol) of the 
compound, presented according to Example 6, in SO ml of toluene 
is reacted with' use of . benzaldehyde , .and after working-up and 
purification, 1.2 g (2.53 mmol, 93%) of the title compound -is 
isolated as a colorless .oil . 

" 1 H-NMR (CDCl-j) : 5 = 0.93 (3H),- 1,00 (-3K) , 1.07 (9H)., 1.43 
(IK), 1. 92 (1H) , 3 .30 (1H) , 3.72 (IK), 3.95 (IK), 4:00 (1H), 4:30 
(1H), 5.53 (1H) , . 7.18 ( 2H) , . 7 . 2 9 - 7 . 4 9 ( 9H) , 7.61 (2H), 7.67- (2H) 
ppm. ".. I 

Example 26 t 

(4S,2S) - 4- (2-Met.hyl-l-hydioxy-prop-2-yl) -2 -phenyl- [1,3] dioxane 

Analogously to Example 8, 1 g (2.53 mmol) of the compound 
that is presented according to Example 2 5 is reacted, and after 
working-up and purification, Sia^mg (2.19 mmol, 87%) of the title 
compound is isolated as a colorless oil: 

1 H-NMR (CDClj) : 5 = 0.93 (6H), 1.49 (IE), 2.00 (IK), 2.49 
(IK), 3.46. (IK), 3.62 (IK) ; 3.81 (IK), 3 . 98 (IK), 4.33 (1H) , 5 . 51 
(IK), 7.30-7.41 (3H) , 7.41-7.51 (2H) ppm. ' 

t 

Example 27 - 

(2S,.4S) - 4-'(2-Methyl-l-oxo-prop-2-yl) -2 -phenyl- [1, 2] dioxane 

Analogously to. Example 9, 500. mg '(2.12 mmol) of the compound 
that is presented according to Example 2 6 is reacted, and after 
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working-up, 715 mg of the title compound is isolated as a yellow 
oil, which is further reacted without purification. 

Example 2 8 

( 2 S , 4S ) -4 - ( (3H.S) - 2 -Methyl - 3 - hydroxy -pent - 2 -yl) - 2 - phenyl- 
[1,3] dioxane 

Analogously to Example 10, 715 mg (maximum 2.12 mmol) of the 
crude product that is presented according to -Example 27' is - ' '. ■ 
reacted, and 'after working-up and purification, . 4.40 mg (1.66 
mmol', 79%) of the'epimeric title compound : is ■ isolated as a 

colorless oil.. - .. , 

1 H-NMR. (CDClj) : 5 = 0 , 8 0 - 1 . 10 - ( 9H) , 1.23-1.42 (1H) , ' 1 . 42 - 
1.70 (2H), 1.90-2.16 (1H), 2.92 (0.6H), 3.. 07 ( 0 . 4H)-, 3 . 40 -3 . 53 
(1H),, 3.'86""(1H), 3.98 (1H) , 4.32 ,(1H), 5.49 (0.4H), 5,55 -(0.6H), 
7.28-7.40 (3H), 7.40-7.51 (2H) ppm.' 

Example 2 9 

(2S, 4S) -4- (2-Methyl-3-oxo-pent-2-yl) -2-phenyl- [1,3] dioxane 
Analogously to Example 11,' 43 5 mg (1.65 mmol) of the • 
compound that is presented according to Example 23 is reacted, 
and after working-up and purification, 410 mg- (1.56 mmol, 95%) of 
the title "compound is isolated as a colorless oil:- 

1 H-NKR (CDC1 3 ) : 5 = 1.02 (3H) , 1.17 (3H), 1.2 3 (3H), 1.44 
•(IH), 1.84 (IE), 2.58 (2E>, 3.97 (IE), 4.06 '(1H), 4.30 (1H), 5.50 
(1H). , 7.23-7.49 (5H) ppm. 
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Example 3 0 

(4S) -4- [2 -Methyl- 1- ( tert-butyldiphenylsilyloxy) -prop-2-yl] -2,2- 
pentamethylene- [1, 3] dioxane - 

Analogously to Example 20, 1.00 g (2.S9 mmol) of the 
compound, presented according to ■ Example .6 , in 50. ml of toluene, 
■is reacted with use of cyclohexanone , and after working-up and . 
purification, 1.09. g (2.34 mmol, 90%) of the title compound is 
isolated as . a colorless oil.- • 

. 1 H-NKR (CDClj) : <5 = 0.84 (3H), 0.89 ( 3H) , ; 0 . 97 - 1 . 10 (10E), 
1.20-1.64 (9E),. 1.71 (IK) ,' 2 .13 (IK)- , 3 .33. (1H), 3.5S'(1H), 3.81 
(IK), 3.89 (1H), 3.99 (1H), 7.32-7.49 ( 6H) , . 7 . 60 -7 . 74 (4K) ppm. 

Example 31 .. 

(4S) -4- (2-Methyl-l-hydroxy-prop-2-yl).-2 , 2 -pentamethylene- 
' [1, 3] dioxane - ' 

Analogously to Example 8", l."09 g (2,34 mmoi) of the compound 
that is presented according to Example 30 is '.reacted, and after 
,working-up and purification, 470 rag- (2.06 mmol, 88%) of the title 
compound is isolated as a colorless oil. 

1 H-NMR (CDClj) : ■ 5 = 0.88 (3H), 0.94 (3H) , 1 . 2 4 - 1 . 7 1 ( 10H) , 
1.81 (1H), 2 .18 (IK) , 3 .09 (IK), 3.39 (IE), 3.60 (IK), .3.80 (IK), 
3.87 (IK) , 4.02. (IE) ppm. 

Example 3 2 

(4S) -4- (2 -Methyl- 1-oxo -prop- 2 -yl) -2 , 2 -pentamethylene- [1,3] dioxane 
Analogously to 'Example 9, 450 mg (1.97 mmol) of the compound 
that. is presented according to Example 31 is reacted, and after 
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working -up, 6-73 mg of the title compound is. isolated as a yellow 
oil, which is further reacted without purification. 

Example 3 3 

(4S) -4- (2-Methyl-3-hydroxy-pent-2-yl) - 2 , 2 -pentamethylene- . 
[1,3] dioxahe . 

Analogously to Example 10, 673 mg (maximum 1.97 mmol) of- the 
crude product that - is presented according to Example 3 2 is 
re-acted/ and after working-up' and purification, 391' mg (1.54 
mmol, 77%) of the epimeric title compounds is isolated as a 
colorless oil. 

1 H-NMK (CDC1 3 ) : 5 = 0.70-1.08 (9H), 1.23-1.98 (13H), 2.01- 
2.13 (1H.) , 3 .37-3 .50 (1H) , 3.61 (0.5H), .3 /80-4.06 (3.5H) ppm. 

Example 3 4 

(4S) - (2-Methyl-3-bxo-peht-2-yl) -2^ '2 -pentamethylene- [ 1 , 3 ] dioxane 

Analogously to Example " 11 , 386. mg (1 . 51 mmol) . of the 
compound that Is presented according to Example 33 is reacted, 
and after working-up- and purification, 3 76 mg (1\48 mmol, 98%) o 
the title compound. is isolated as a colorless oil. 

- 1 H-NMR (CDCl 3 j : '6 = 1.01 (3H), 1 . 09 ( 3E). ', ■ 1 . 17 (3H), 1.22- 
.1.38 -(3-K)-,. 1.40-1.72 . (8S) , 2.15 (IK), 2.57 (2E), 3.81 (IE),- 3.92 
4.07 (2H) ppm-. ■ ■ A . ■'' 1 ■■ . . 
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Example '35' ;' 

(4S) -4- [2 -Methyl-l- ( tert-butyldiphenyls ilyloxy ) -prop-2-yl] -2 , 2- 
tetramethylene- [1, 3] dioxane 

Analogously to- Example -2 0 , 1.00 g (2. . 59 mmol-) of the 
compound, presented according to Example 6, in 50 ml of toluene 
is reacted with use -of • cyclopentanone , and after working-up and 
purification, 997 mg (2.20 mmol, 85%) of the title compound is 
isolated as a colorless oil. 

1 H-NMR (CDC1 3 ) : 6 = 0.84 (3H), 0.88.(3H), 0. 99-1.10 (10H) , 
1.30 (1H), 1.50-1.99 (3H) , 2.23 (1H), 3.-60 (1H), 3 . 8 0 - 3 . 9 8 . ( 3H) ; 
7.31-7.49 (6H), 7..61-7.73 (4H) ppm. 

Example 3 6 ■'." .'. 

(4S) -4- (2-Methyl-l-hydroxy-prop-2-yl) - 2 , 2 - tetr amethylene- 

[1,3] dioxane 

Analogously to. Example 8 , 9 9Vr'-mg (2.. 20 mmol) of the .compound 
that is presented according to Example 35 is reacted', and after 
working -up. and purification, 415- mg (1.94 mmol, 8a%) of the title 
compound- is isolated as a colorless oil. 

1 E-NMR (CDC1 3 ) : <5 = 0.90 (6H), 1.36 ( 1H) ,. 1 . 5 3 - 2 . 0 2 (9H), 
2.93 (IE), 3.39 (1H), 3.55 (IE), 3.70-(lH), 3.87 (IE), 3.9c (1H). 
ppm. ., • . " 

Example 37 

(4S.) -4- (2-Methyl-l-oxo-prop-2-yl) - 2 , 2 - tetramethylene- [1,3] dioxane 
Analogously to Example 9, 400 mg (1.87 mmci) of the compound 
that, is presented according to Example 3 6 is reacted, and after 
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working -up, 611 mg of the title compound is isolated as a yellow' 
oil, which is further reacted without .purification. . 

Example 38 " - 

(4S) -4- (2-Methyl-3-hydroxy-pent-2-yl) -2,2-tetramethyleiie- 

[1/ 3] dioxane 

Analogously to Example 10, 611 mg (maximum 1.87 mmol) of the . 
compound "that is presented according to Example 37 is reacted, 
and. after working -up and purification, 353 mg (1.46 mmol, 78%) of 
the epimeric title compounds. is isolated as a colorless oil.. 

1 H-NMR (CDC1 3 ) : 5: = 0.71-1.09 (9H) , 1.20-1.44 (2H) , 1.44-^ 
1.78 (5H) , "1.78-2 .02 (5H) , 3.32-3.44 (1H), 3.51-3.60 (1H) , 3.-76- 
(1H) , 3 .80-4.02 (2H) ppm. 

Example 3 9 

(4S) -4- (2-Methyl-3-oxo-pent-2-yl)^2,2-tetramethyleiie- [1, 3] dioxane 

Analogously to Example .11, 348 mg (1.44 mmol) of the 
compound' that is presented according to Example 3 8 is -reacted, 
and after working -up. and purification, 332 mg - M . 38 mmol , 96%) . of 
the title -compound is isolated as a colorless oil . " 

1 H-NMR (CDCI3) : 5 = 1.00 (3H) , 1.07 (3H), 1 ; 17 (3H) , 1.31 
,(1K), 1.50-2.00 (9H), 2.52 (2H) , 3.84 ( 1H) , 3 . 8 8 - 3 . 9 S (2H) ppm:' 

Example 40 

1, i-cyclobutanedimeth.anol 

170 ml of a 1.2 molar solution of diisobutyialuminum hydride 
is added in drops at 0°C to a solution of 20 g (99.9 mmol) of 
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1., l-cyclobutanedicarboxylic acid diethyl- ester in 200 ml of 
absolute tetrahydrof uran . It is allowed to stir, for one more 
hour at 0 a C, and then 30 ml of water is added." It is filtered on 
Celite. The filtrate is dried with sodium sulfate arid' 
concentrated by evaporation in a vacuum. The crude product that 
is obtained (9.9 g/85.2 mmol, 85%)' is used without purification 
in the next step. 

Example 41 ■ 

1- [ [ [Dimethyl (1, 1 -dime thy le thy 1) silyl] oxy] methyl] cyclobutane . 
methanol 

A solution of 9 . 9 g (35 mmol) of the compound/ presented 
according to Example. 40, in 100 ml of absolute tetrahydrof uran is 
added at 0°C to a' suspension of 3.4 g of sodium hydride (60% in 
oil) in. 35 ml of. absolute tetrahydrof uran. ' It is allowed to stir 
for 30' more minutes, and then a solution of 12.8 g of tert- 
butyldimethylsilyl chloride in 50 ml of tetrahydrof uran is added. 
It is allowed to stir f or • one more hour at 25°C / and then the 
reaction mixture is poured onto saturated aqueous sodium^ 
bicarbonate solution. It is extracted With ethyl acetate. The 
organic phase is washed with saturated ' sodium chloride solution 
and .dried on sodium sulfate. After the solvent is drawn off in a 
vacuum, the crude product that is obtained is purified by column 
chromatography on -silica .gel with a mixture that consists of 
hexane/ethyl acetace . 13.5 g.(5a.S mmol, 69%) of the title 
compound is cbeained." 
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'H-NMR (CDCI3). : 5 = 0.04 (6H)-, 0.90 (9K),. 1.70-2.00 (6-H), 
3.70 (4E) ppm. 

Example 4 2 . - 

1- [[ [Dimethyl (1, 1- dimethyl ethyl) silyl] oxy] methyl] - 
eye lobutanecarb aldehyde 

8 ml of oxalyl- chloride is dissolved in 100 ml of 
dichloromethane; It is cooled to -78°C, and 13 ml of dimethyl 
sulfoxide is added. It is" allowed to stir for- 3 more minutes,, 
and then a solution of 13.5 g (58.6 mraol) of the compound,, 
presented according to Example 41, in 80 ml of dichloromethane is 
added. ' After another 15 minutes of stirring time, 58 ml of 
triethylamine is added in drops . Then, it is allowed to heat to 
0°C. Then, the reaction mixture is poured onto saturated sodium - 
bicarbonate- solution. It is extracted with dichloromethane, the' 
organic phase is washed with saturated sodium chloride solution, 
dried on sodium sulfate and concentrated by evaporation in a 
vacuum. 'After chromatography of -the crude product on . silica , gel 
with a mixture that consists. of hexane/ethyl acetate,. 7.7 g (33.7 
mmol, 58%) of the. title compound is obtained. . 

. 1 H-NMR (CDCI3) : 5 = 9\70 s (1H)', 3.83 s" (2H),. 2.20-2.30 m .. ■ 
(2H), 1.85 -2.00 m.(4H), 0 . 90" s (9H), 0.03 s (SH) ppm. 



108 



Example 4 3 

[1R- [la ( R*) , 2fi] ] -2 -Phenylcyclohexyl 3 -'[-1- [ [ [diinethyl (1, 1- 
dimethyl ethyl) silyl] oxy] methyl] cyclobutyl] - 3 -hydroxypropanoat e 

(A) and . - 

[la (S*) , 2E] ] -2 -phenylcyclohexyl 3 - [-1- [ [ [dimethyl (1,1- 
dimethyl ethyl) silyl] oxy] methyl] cyclobutyl] -3 -hydroxypropanoa te . 

(B) • . . 

Lithium, diisopropylamide is produced in absolute - 
tetrahydrof uran. from 7 . 2 . ml , of diisopropylamine and butyllith'ium 
(32 ml of a 1.6' molar solution in hexane) . 'then, a solution of 
11.2 g ( 1R- trans) -2 -phenylcyclohexyl acetate ■ in 100 ml of . 
absolute tetrahydrof uran is, added at -78°C and allowed to stir - 
for 30 more minutes at this temperature. Then, a solution f of -7.7 
g (33.7 mmol) of, the compound, presented according - to Example 42, 
in 50 ml- of tetrahydrof uran is added. It is allowed to stir for 
1.5 more hours at - 78°C , • and theni-the reaction mixture is. poured 
onto saturated aqueous ammonium chloride solution. It is ' 
extracted with ethyl acetate, the organic phase is washed with 
saturated' sodium chloride' solution, dried on sodium sulfate and 
concentrated by evaporation in a vacuum. After. column 
chromatography of the crude product on silica gel with .a mixture 
'that consists of hexane/ ethyl- acetate, 6.34 g (14.2 mmol, 42%) of 
title compound A and 4.22 g (9.4 -mmol, 23%) of title compound E 
are obtained . - v 

/E-NMR " (CDCIj) Of A : . 5 = 0.04' (6E),- 0.98 (9'H), 2.69 JlE), 
3.08 (IE), 3.60 (IE), 3.67 (IE)', 3.78-3.84 (IE), 4.97 (IE), 7.15- 
7.30 ( 5E) ppm . 
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^H-NMFs. (CDCI3) of B: 5 = 0.03' (6H), 0.90 (9E), 2.63 (1H), - 
2.30 (IE), 3.56 (2K), 3.63-3.72 (IE), 4.99 (IE), 7.18-7.30 m (SH) 
ppm. - 

Example 44 ■ 

(S) -1- [1- [ [ [Dimethyl (1, 1 - dime thy le thy 1) silyl] oxy] - 
methyl] cyclobutyl] -1/ 3 -propanediol 

.4 ml of a 1.2 molar solution of diisobutylaluminum hydride 
in toluene is added in drops . at 0 Q C to a solution of 1 g (2.24. 
mmol) of compound A, presented according to Example .4 3., in 10 ml 
of absolute toluene. It is allowed to stir for 1.5 more hours at 
0 Q C, 'and tljen. 5 ml of ■-■water is added.' ■ It .is filtered on Celit.e. 
The filtrate is -dried on sodium sulfate and concentrated- by 
evaporation' in a vacuum.' After column chromatography of the 
crude" product on silica gel with a mixture that consists of " 
hexane/ethyl acetate,- ,370 mg ( 1 . 3"! -mmol , ■ 60%) of the' title 
compound is obtained. 

1 K-NKR (CDCI3) : 5 = 0 .05 (6H), 0.90 (9H), 1.55-1.60 (2E),-" 
1.30 ! (2H) , -1.90 (3E), 2.10 (IE), 3.75 (1E)\ 3 . 8 5 -3' ..9 5 . ( 4H) ppm.-. 

Example 4 5 . - 1 

(S) -2/ 2 -Dimethyl -4- [1- [[ [dimethyl (1, 1- . 
dimethyl ethyl) silyl] oxy] methyl] cyclobutyl] - 1, 2 -dioxane 

370 mg (1.35 mmol) of the compound that is presented 
according to Example 44 is dissolved in 10 ml of acetone. A -. 
spatula tip full of p - toluene sulfonic acid is added, and it is 
allowed to stir for 2 more hours at 2S°C. Then, the reaction 
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mixture is' poured onto saturated sodium bicarbonate solution. It 
is extracted with "ethyl acetate, the organic phase is washed with 
saturated sodium chloride solution, dried on sodium sulfate and 
concentrated by evaporation in a vacuum. After column 
chromatography on silica gel with a mixture that consists of 
hexane/ethyl acetate, 338 mg (1.07 mmol,. 79%) of the, title 
compound is obtained. 

■ 1 H-NKR (CDClj) ■: 5 = 0.03 (6E), 0.88 (9H), 1.38 (3H)/' 1.42 

(3H), 1 /50-1. 30- (4H)-, 2.00" '(1H), 3.52 UH) , 3.62. (IE), 3.85-4.00 

(3H) ppra. 

Example 46- 

'(R) -1- [1- [ [ [Dimethyl (1, l-dime thylethyl) silyl] oxy] - 
methyl] cyclobutyl] -1, 3 -propanediol. 

Analogously to Example 44, 700 mg (1.57 mmol). of compound B, 
that is -produced* according to Example 43 is reacted, and after. . 
worlcing-up and purification, 250'mg (0.91 mmol, 58%) of the title 
compound is isolated. 

The coverage of the 1H-NTCR spectrum is identical to that 
described in Example 44. 

Example, 47 , 
(R) -2,2-Dimethyl-4- [1- [ C [dime thyl (1, 1- - 
** dimethyl ethyl) silyl] oxy] methyl] cyclobutyl] -1, 3 -dioxane 

Analogously to Example 45, 250 mg (0.91 mmol) of the 
compound' that is produced according to Example 46 is reacted, and 



ill 

after working -up and purification, 228 mg (0.72 mmol, 60%) of the , 
title compound is isolated. 

The coverage of the IE-NMR spectrum is identical to that 
described in Example 45. 

Example 4 3 

1- [1- C [ [Dimethyl (1, l-dime thy 1 ethyl) silyl] oxy] methyl] cyclobutyl] - 
1, 3 -propanediol 

Analogously to -Example 44, 500 mg (1.12 mmol) of a mixture 
of compounds A and B that are produced according to Example 43 is. 
reacted, and after working-up and purification, 190 mg (0.69 
mmol/ 6'2%)"-of the title compound is isolated.' 

> The coverage of the 1 H-fc7MR spectrum is identical to that 
described in Example 44 . 

Example 4 9 

2 , 2 -Dimethyl -4 - [1- [ C [dimethyl (1, 1.- dime thy le thy 1) silyl] oxy] - 
methyl] cyclobutyl] -1, 3 -dioxane 

Analogously to . Example 4 5 / 190 mg (0.69 mmol) of the 
compound that is produced according to Example 4 3 is reacted, .and 
after working-up and purification, 171 mg (0.54 mmol, 79%) of the 
title compound is isolated. 

The coverage of the 1 H-MMR spectrum is identical- to that 
described in Example 45. 



Example 5 0' - 

[la (3S*) , 2fi] ] - 2 -Phenylcyclohexyl 3 - [1- [ [ [dimethyl (1, 1- 
dimethyl ethyl) silyl] oxy] methyl] cyclobutyl] -3- [ ( te trahydro - 2H- . 
pyxan-2 -yl) oxy] propanoate - t 

Analogously to Example 1, 460 mg (1.03' mmol) of the compound 
that is presented according to Example 43 is reacted, and after 
working -up and purification, 398 mg (0.75 mmol, k 73%) of the title 
compound is isolated as a colorless oil. 

'H-NMR (CDC1 3 ) : 5 = 0.01 ( 6H ) , • 0 . 8 9 * (• 9H) , 1 . 2 4 - 1 . 9 7 ; -( 1 9H). , 
2.15-2.27 (3H), 2.66 (1H), 3.12 (1H), 3.50 (2H), 3.58 (1H), 3.98- 
■ (1H), 4.52 (1H) , 4.87 ( 1H) , 7 . 0 9 - 7 . 2 7 (5H) ppm . . 

Example 51 

(S) -3- [1- [ [ [Dimethyl ( 1,1- dime thyle thy 1) silyl] oxy] 
methyl] cyclobutyl] - 3- [ ( te trahydro - 2H-pyran- 2 -yl) oxy] propanoic 
acid" 

420 mg (3,75 mmol) of potassium- tert -butyla-t e is suspended 
in 5 ml of diethyl ether. 16 /il- of water is added, and it- is 
allowed to stir for' 5 more minutes. Then, a solution of 398 mg 
(0.75 mmol) of the compound, presented, according to Example" 50,- 
in 5 ml of diethyl ether, is added. It .is allowed to stir for .3 
more ho.urs .• Then, the reaction solution is diluted with water 
and neutralized with 10% hydrochloric acid. It is extracted with 
dichloromethane, the organic phase is' washed with saturated - 
aqueous sodium chloride solution, dried on sodium sulfate and 
concentrated by evaporation in a vacuum. Column chromatography 
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of the crude product on silica gel with a mixture that consists, 
of hexane/ethyl acetate yields 112 mg (0.3 mmol). . 

1 E-NMH (CDCly) : 5 = 0.01 (6H),-0.9Q (9K), 1.3 0 -2.25 (10.E),' 
3.12 (1H), 3.-50. (2H), 3.-53-'(lH), 3.93 ( 1H ) , 4.45 (IE) ppm . 

The reaction product can be converted into the aldehyde 
analogously to Example 9 after cleavage of the silyl protective 
group by the. oxidation, analogously to. Example 10, with- an 
organometallic compound such as, e.g., XMgCHR 5a R 5b , brought to t 
reaction with, for example, ethylmagnesium bromide and- converted 
into compounds according to claim 1 by subsequent oxidation of 
the alcohol mixture that is obtained analogously to Example 11. 

If in- Example 4 0 the starting material 1,1- 
cyclobutane.dicarboxylic acid diethyl ester is replaced by other 
2-substituted or 2 , 2 -disubs tituted malonic ester derivatives,- for 
example the following compounds, can be produced analogously to 
Examples 9, 10 and 40-51: 
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Example 5 2 

(3S) -4, 4 -Dimethyl- 5 -oxo- 3- ( tetrahydropyxan- 2 -yloxy) -pent-l-ene 

Analogously to Example 9, 5.0 g (23.3 mmol) of the compound 
that is presented according to Example 3 is reacted, and alter 
working -up, 6.1 g of the title compound is isolated as a 
colorless oil, which is further reacted without purification. 

Example 5 3 ... 

( 3 S / 5 RS ) -4, 4 -Dimethyl- 5 -hydroxy- 3- ( tetraiydropyxan- 2 -yloxy) -hept 
1- ens 

Analogously to Example 10, 6.1 g (maximum 23.3 mmol) of the 
crude oroduct that is presented according to Example 52 is 
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reacted, and after -working -up and purification, 1.59 g (S.5S 
mmol, 23%) of the nonpoiar diastereomer as well as 1.67 g (6.39 
mmol, 3 0%) of the polar diastereomer. are isolated in each case as 
a colorless oil. 

1 H - NMR (CDCl 3 ) of nonpoiar isomer: 5 - 0.79 (3H), 0.84 
(3H) , 1-03 (3H) , 1.23-1.62 (6H) , 1 . 62 - 1 . 8 8 ' ( 2H) / 3 . 4 1 - 3 . 5 8 ( 2H) , 
3.88-4.01 (2H), 4.08 (1H). , 4.47 .(IK), 5.20 (IK), 5.29 (1H), 5.73 

(1H) ppm. _ 

1 H-WMR (CDC1 3 ) of polar isomer: <5 = 0.78 (3H),' 0.93 (3H), 
1.01 (3H),1.38 (1H), 1.47-1.8S (7H), 3 . 3 9 - 3 . 57 ( 3H) , 3 . 9 0 (IK), 
4.04 (1H), 4.62 (1H), 5.21 <1H), 5.32 (1H), 5.69 (1H) ppm, 

Example 5 4 

(3S; 5s) .4 ,4 -Dimethyl -3- ( tetrahydropyran- 2 -yloxy) -heptane- 1, 5 -diol 
and/or 

(3S ,5R) - 4,4-d:Lmethyl-3- ( tetrahydropyran- 2 -yloxy) -heptane- 1, 5 -dial 
Analogously to Example 5, 1.59 g (6.56 mmol) of the nonpoiar 

alcohol that is presented according to Example 53 is reacted, and 

after working -up,' 1.14 'g ,(4.38 mmol, 67%) of the title compound 

is isolated as a colorless oil. 

^H-NMR (COCi 3 ) : <5 = 0.7S(SH), 1.01 (3H), 1.23 (1H), 1.36- 

1.64 (6£), 1.64 -1.53 ( 4K) , -3 . 4 1 - 3 . 5 5 (2H), 3.61-3.82 (2H), 3.87 

(IK) , 3.9 9 (1K>, 4.2 8 (1H), 4.5 6 (IK) ppm. 
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Example 5 5 

(3S,5R or 5S) - 1-Benzoyloxy- 4 , 4 -dimethyl- 3 - ( t e trahydropyxan- 2 - 
yloxy) -heptan 1 5 -ol 

The solution of 1.04 -g (3.99 mmol). of "the compound, 
presented according to Example 54," in 20 ml of anhydrous pyridine 
is mixed under an " atmosphere of. dry argon with 476 /xl of benzoyl 
chloride, and it is stirred for IS hours at 2 3°C. It is poured 
into- a saturated sodium' bicarbonate solution, extracted with 
dichloromethane and dried on sodium sulfate. The residue that is 
obtained after filtration and removal of the . solvent is. purified 
by chromatography on about 300 ml of .fine silica' gel with a 
gradient system that consists of n-hexane and ethyl acetate. 785 
mg (2.15. mmol, 54%) of the "title compound is isolated as a 
colorless oil as well' as 352 mg of starting material. 

. 1 H - NMR (CDC1 3 ) : 6 = 0,83(SH), 1.04 (3H), 1.31 (1H), 1.38- 
1.58 (5H), 1.74-1.99 (3K), 2.12 flH). , 3.40 (1H), 3.52 (1H), 3.90- 
4.03 (2H), 4.28-4.56 (4K), 7.45 (2H), 7.53 (IK), 8.05 (2H) ppm. 

Example 5 6 

(3S) -l-Benzoyloxy-4,4-dimethyl-3- ( tetrahydropyran- 2 -yloxy) - 
hep tan - 5 - one . 

Analogously to Example 11, 780 mg (2.14 mmol) of the 
compound that is presented according to Example 55 is reacted, 
and after working -up and purification, 641 mg (1.77 mmol, 83%) of 
the title compound is isolated as a colorless oil. 

1 H - NKR (CDC1 3 ) : 5 = 1.02 (3E) , 1.11 (3H) , 1-23 (3H) , 1.40- 
1.56- (4H), l!sS-1.87 (3H), 1.93 (1H) , 2.59 (2H), 3.36 (IE), 3.80 
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(IE) , 4.13 (IE) - , 4.32 (IH)', 4.45 (1H), 4.53 (1H) , 7.45 (2H), 7.5.8 
(IE) , 8.05 ( 2E) ' pptti. 

Example 57 • 

(3S) -1 -Hydroxy- 4, 4 -dimethyl - 3 - ( tetrahydropyran-2 -yloxy) - hep ban- 5- 
one 

The solution of 636 mg (1.75 mmol) of the compound/, 
presented according to Example 56, in 2 5 ml of methanol is mixed 
with 738 mg of potassium carbonate, and it is stirred for 2 hours 
at 23°C. It is mixed with dichloromethane , filtered off, -washed 
with water and the organic phase is dried on sodium sulfate. The 
residue that is obtained after filtration and removal of the 
solvent is .purified by chromatography on about 100 ml of fine 
silica gel with a gradient system that consists of n-hexane and 
ethyl acetate. 311 mg (1.20 mmol, 69%) of the title compound is 
isolated as a colorless oil . 

1 H-NMR (CDC1 3 ) : 5 = 0.98 (3H), 1.07 (3E), 1.18 (3E), 1.44- 
'1.90 (10H), 2.00 (IK) ,3.50-3.68 (2H) , 3 .74 (IS), 3.S3-4.06 (2E), 
4.7 9 (IE) ppm. 
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Production of the Components of General Formula A' with the 2- 
Oxazolidinone Auxiliary Group ( PCT/E598 /05064) 

Starting Products - 

A) 2 , 2 -Dimethyl -3 -oxopentanal 

jv a ) a- (2 -Methylorop-l-envl) morpholine 

43.6 g of morpholine is introduced into a 250 ml three- 
necked round-bottom flask. 46 ml of isobutylaldehyde is added in 
drops at. a temperature of 5°C within 20 minutes while being 
cooled in an .ice bath. In this case, a strong temperature 
increase was to be .observed (strong exothermal reaction). After, 
the -addition was completed, the batch is refluxed via a water 
separator for 4 hours. The volume of the water separator is . 
filled with isobutylaldehyde. 7.5 ml of IL,0 is separated. After 
the end of the reaction, the reaction mixture is distilled in a 
vacuum. 

Oil bath temperature: 85° - S0°C 
Main fraction, m = 5a. 37 g 82.03% 
Boiling point: 59°C at 11 mbar 
Yield: 58.37 g 82103% Aa) 

A) 2 . 2 -Dimethyl -3 -oxopentanal ' 

The solution of 77.14 c of propionic acid chloride in 200 ml 
of ether p. a. is introduced into a 1000 mi three-necked round- 
bottom flask. ' A. solution of. 117.73 g of the compound, obtained, 
under Aa) , in 200 ml of ether p. A. is added in drops within 30 
minutes at a reaction temperature of 6'C while being cooled in an 



12 0 



ice bath. Precipitation, white precipitate results. After the 
addition is completed, the batch is ref luxed for 5 hours and 'then 
stirred overnight at room temperature. The resulting white 
precipitate, which is sensitive " to moisture, is suctioned off, 
washed with ether and dried in the oil pump. 

Crude product: m = 65.26 g of hydrochloride. 
In the filtrate, refilling can be observed. 
Crude product m = 3 5.49 g - Total:, m = 10 0.7 5 g. 
100.75 g of hydrochloride is dissolved in 150 ml. of H 2 0 . 
Then, the aqueous phase with NaEC0 3 as a whole is set at pH 0.5 ■ 
and then extracted 4 times with. 150 ml of ether each. The 
organic phase is washed once with brine and- then dried on Na 2 S0 4 . 
The ether is distilled off at normal pressure, and the residue is 
distilled in a vacuum via a small Vigreux column (6 trays). 
Main fraction: m = 29.65 g 27.75% 
Boiling point: 62°C at 15 mbar 
Yield:- 29.65 g 27.75% A) 

B) 2 , 2 -Dimethvl -3 - oxo-butanal 
Execution analogous to A) . 

Batch: 53.37 g = 413.36 mmol of Aa) , M =141.21 g/cnol 
100 ml of diethvl ether p. A. 

32.45 g = 413.33 mmol of acetyl chloride , , M = 078.5 g/moi 

- 1.104 g/tnl 

10 0 ml of diethyl ether p . A . . 
stirred over a weekend at room temperature. 
- Crude product ru = 72.07 c of hydrochloride 
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For working -up, see Ab) 
Oil bath temperature: 75°C to 80°C 
Main fraction: m = .18.75 g 3 9.74%' 
Boiling point: 50°C at 11 mbar 
Yield m = 18.7 g 39.6% B) 

C) 1- ( l-Oxoproovl) cvclobutanecarbaldehvde 
Ca) 1 ■ 1 -Cvclobutanedimethanol 

170 ml of a .1.2 molar solution of diisobutylaluminum hydride 
is added in drops at 0°C to a. solution of 20 g (100 mmol) of 1,1- 
cyclobutanedicarboxylic acid diethyl ester in 200 ml of absolute 
tetrahydrofuran. It is allowed to stir for one more hour'at'0°C, 
and then. 30 ml of water is added. It is filtered on Celite.. The 
filtrate is dried with sodium sulfate and concentrated by 
evaporation in a vacuum. The. crude product that is obtained (-9.9 
g) is used without purification ii" the next step. 

ch)' l- r r fDimethvl (1. 1-dimethvlethvl ) si lvll oxvl methvll - . 
cvclobut anemethanol 

A solution of- 9.9 g of Ca) (85 mmol) in 100 ■ml of absolute 
tetrahydrofuran- is added at 0°C to a suspension of 3.4 g bf 
sodium hydride (60% in oil, 85 mmol)) in 35 ml of absolute 
•tetrahydrofuran. It is allowed to stir for 30 more minutes, and 
then a solution of 12.8 g of tert-butyldimethyls ilyi chloride (35. 
mmol) in 50 ml of tetrahydrofuran is added. It is allowed to 
stir for one more hour at 25 3 G, and then the reaction mixture is 
ooured onto saturated aqueous sodium bicarbonate solution. It is 
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extracted with ethyl acetate.- The organic phase is washed with 
saturated sodium chloride solution and dried on sodium sulfate. 
After the solvent is drawn off in a vacuum, the crude ..product ■ 
that is obtained is purified - "by column chromatography on silica 
gel with a mixture that consists of hexane/ethyl acetate. 13. 5- g 

(69%) of the title compound is obtained. 

1 H-NMR (CDC1 3 ) : <5. = 0.04 (SH), 0.90 ( 9H) , ' 1 . 70 -2.. 00 (6H), 

3 . 70 (4H) ppm. 

Cc) 1- f r fDimethvlil. 1 -dimethvlethvl ) silvl l oxvl methvll cvclobutane 
carbaldehvde 

8 ml "of oxalyl chloride is dissolved in 100 ml of 
-dichloromethane.- It is cooled to -78 Q C, andl3 ml of dimethyl 
sulfoxide -is added. It is allowed to -stir for 3 more minutes, 
and then- a- solution of .13.5 g of Cb) (53.6 mmol) in 80 ml of 
dichloromethane is added. Af ter "another 15 minutes of stirring . 
time, 5 8 ml of triethylamine is added in drops. Then, it is 
allowed to heat to-0°C. Then, the reaction mixture is poured 
onto saturated sodium bicarbonate solution. It is extracted with 
dichloromethane, the organic phase is washed with' saturated 
sodium- chloride solution, dried on sodium sulfate. and 
concentrated by evaporation in a vacuum. After the crude product 
is chromatographed on silica gel with a mixture that consists of 
hexane/ethyl acetate, 7.7 g (53%) of the .title , compound is 
obtained. 

1 E-NMR "(CDCI3) : 5 =0.03 (SH), 0.90 (9E), 1 . S 5 - 2 . 00 ( 4H) , 
2.20-2.20 (2E) , 3. S3 (2H) , 9.70 "(1H) ppm. 
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cn) 1- r f rpimethvl M_ . 1 - dimethvlethvl ) silv ll oxvl methvll -a- 
ethvlcyclobutanemethanol 

A solution of 7.7 g (33 . 7 ' mmol)' of the compound, described 
under Cc) , in SO ml of tet-rahydrof uran is added in drops at 0°C 
to 20 ml of a 2 ■ molar solution of ethylmagnes ium chloride .(40 
mmol) in tetrahydrof uran . It is allowed to stir for 3 0 more 
minutes at 0°C, and" the reaction mixture is then poured onto 
saturated ammonium chloride solution: It is extracted with ethyl 
acetate. The organic phase is washed' with saturated sodium 
chloride solution and dried on sodium sulfate. After the solvent 
is drawn off, the crude product that is obtained is purified by 
column chromatography on silica gel. 7.93 g (91.5%) .of -the title 
compound. is obtained. 

1 H-NMR CCDCI3) :. 5 = 0.09 s (6H), 0.90 s (9H),'l.0S (3H), 
•1.30-1.50 (3H), 1.70-1.90 (4H), 2.09 (1H), 3.19 (1H), 3.46 (1H), 
3.72 (1H), 3.85 (IK) ppm. 

rpl 1- fi- FT fpimethvl (1. 1- d imethvlethvl) silvll oxy] - 
methvll cyclobut-l-vll -1 -n rooanone 

6 ml (85.7 mmol) of dimethyl sulfoxide is added at -78°C to 
3.76 ml (43.3 mmol) of oxaiyl chloride in 80 mi of 
dichlorome thane. It is allowed to stir for 3 more minutes, and 
then a solution of 7.93 g (30.7 mmol) of the compound, described 
under .Cd) , in- 80 ml' of dichiorcmethane is added. It is stirred 
for another' 15 minutes at -73 0 C. Then, a mixture that consists 
of 19 mi (136 mmol) of triethyiamine. and 40 mi of dichlorome than* 
is added in drops. It is allowed to heat to -25«C and stirred at 
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this temperature for 30 mora minutes. Then, the reaction mixture 
is poured onto saturated ice-cold sodium bicarbonate solution. 
It is extracted with dichloromethane . The organic phase is 
washed' with saturated sodium chloride solution, and dried on 
sodium sulfate. After the solvent is drawn off, the crude 
product that is obtained is filtered on silica gel. 7.87 g 

(100%) of the title compound- is obtained. 

1 H-NMR (CDC1 3 ) : 6 = 0.05 (6H), 0.88 (9K), 1.04 (3H), 1.82- 

1.95 (4H), 2.33-2.47 (2H)', .2.45-2.54 (2H), -3.81 (2H) ppm. 

cf) 1- M - (Hvdroxvmethvl ) eve lobut -l-vll -l-orooanone 

■ 7.87.g (30.7 mraol) of the compound that is described under 
Ce) is dissolved in 100 ml of tetrahydrof Uran . 15 ml of a. 1 
molar solution of tetrabutylammonium fluoride is added, and it is 
allowed to stir for 12 more hours at 25'C. Then, the reaction 
mixture is poured onto saturated sodium bicarbonate solution. It 
is extracted with ethyl acetate. The organic phase is washed 
with saturated sodium chloride solution and dried on sodium 
sulfate. After the solvent is drawn off, the crude product that 
is obtained is purified by column chromatography on silica gel . _ 
3.19 g (73.4%) of the title compound is obtained. 

' 1 E 7 NMR (CDC1 3 ) : 6 = 1.07 (3E), 1.86-2.03 (4E), 2.32-2.40 
(2H) , 2.55-2.65 (2E), 3.83 (2H) ppm. 
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O i - ( i -oxoproovi ) cvclob utanecarbaldehvde 

Analogously to Example Ce) , 3.14 g (100%) of the title 
compound is obtained by oxidation from 3.19 g (22.4 mmol) of the 
compound that is described" under Cf ) . 

iH-NMS (CDC1 3 ) : 5 = 1.07 (3E), 1.85-2.00 (2H) , 2.40-2.53 
(6H) , 9-70 (IK)' ppm. 

Example 1: 

f» )-4.4-bim»Mi V l-3- f3- -dimethyl pfhv1 ).si.lYHoxv1 -5- 

oxo-heptanoic acid 

0.17 ml of a 30% hydrogen peroxide -solution is added at 0°C 
to a solution of 190 mg of the silyl ether, produced according to- 
Example ic) , in 2.5 ml of a mixture .that • consist s of 
tetrahydrofuran and water at a 4:1 ratio.- After 5 minutes of f ' 

.stirring, a 'solution of 15.8 mg of "lithium hydroxide- in 0.33 ml 

of wa ter is then added,' and the reaction mixture is stirred f or 3 
hours at 25°C. Then, it is mixed with a solution of 208 mg of 
sodium sulfite in 1.24 ml of water and extracted .with 10 ml of 
methylene chloride. The aqueous phase is set at pH . = 1 with SN 
hydrochloric acid and extracted three times with 10 ml of ethyl 
acetate each. After drying on sodium sulfate and filtration, it- 
is concentrated by evaporation in a vacuum. In addition/ the 
methylene chloride phase above is washed with 5N hydrochloric 
acid, and then this aqueous phase is extracted three times with 
10 ml of acetic acid each. After drying on sodium sulfate and 
filtration, it is' concentrated by evaporation in a vacuum, and an 
additional amount of crude product is obtained. The combined 
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residues that are thus obtained. are purified- by chromatography on 
silica. gel. With hexane/0-50% ethyl acetate, 93 mg. of the title 
compound is obtained as a colorless oil in addition to 70 mg of 
(4R, 5S) -4-methyl-5-phenylo"xazolidin-2-one . [a] Q = +1.5. 5° (CHC1 3 ) 

1 K-NMR (CDC1 3 ) : 5 = 0.03-0.08 (6E) , 0.8S (9H), 1.01 (3E), 
1.10 (3H), 1.15 (3H), 2.35 (1H) , -2.4-2.7 (3H), 4.48 (1H) ppm. 

1al • (4R. 5S) -3- (Bromoacetvl) - 4 -met hvl - 5 -ohenyloxazol idin- 2 -one 

117 ml of a 1.6 molar solution of butyllithium in hexane is 
added within 30 minutes at -70°C under nitrogen to a solution of 
30.1 g of (4R, 5S) -4-methyl-5-phenyioxazolidin-2-one in 500 ml of 
tetrahydrofuran. Then, a' solution of 26,8 g of bromoacetyl 
chloride in 250 ml of tetrahydrofuran is- added in drops, so that 
the temperature does not exceed -65°C. After 1.75 hours of 
stirring at -7 0°C, a saturated ammonium chloride solution is 
added, followed by 60 ml of a saturated sodium bicarbonate 
solution, and it is allowed to come to 25°C. . After the phases 
are separated, the aqueous phase is extracted twice with 100 ml 
of ether' each. The combined organic phases are" washed with 
semiconcentrated sodium chloride solution, .dried on sodium 
sulfate and concentrated by evaporation in a vacuum after 
filtration. The residue that is thus obtained is purified by 
chromatography on silica gel. With hexane/0-50% ether, 34.8 g o 
■ the title compound is obtained as a colorless oil. 

1 E-NME (CDC1 3 ) : 5 = 0.95 (3E), 4.57 (2H), 4.30 (2H) , 5.76 
(2H) , 7. '2-7. 5 (5H) ppm. 



127 



Vn) f4R- f3 (R") ia. Sa] 1 -3 - T4 . 4 -D imethvl - 1 , 5-dioxo-3- 
hvriroxvhep tvll - 4 -methyl - 5 - nhenvl -oxazolidin--2 -one 

213' mg'of lithium iodide 'is added under argon to a 
suspension of 5.0 g of anhydrous chromium (II) chloride ■ in 60 ml 
of tetrahydrofuran. Then, a mixture of 2. -09 g of the 2,2- 
dimethyl - 3 -oxo-pentanal (see under " Starting Products" Ab) and 
5.34 g' of ■ previously produced bromine compound in 10 -ml of 
tetrahydrofuran that is known in the literature . is added. After 
2 hours of reaction. time,- it is mixed with 30 ml of saturated 
sodium chloride solution and stirred for 15 minutes . The- aqueous 
phase' is extracted three times with 2 00 ml of ether each. The 
combined organic phases are washed with semiconcentrated sodium . 
chloride solution, dried. on sodium - sulfate and concentrated by 
evaporation in a vacuum after filtration. The residue that is 
thus obtained is purified by chromatography on. silica gel. . With 
hexane/0-30% ethyl acetate , 1.55 g'-of the title compound is 
obtained as a colorless oil. 

1 K-NMR (CDC1 3 ) : 5 = 0.92 (3H), 1..06 (3H), 1.18 (3H), 1.23 

(3K), 2.58 (2H), 3.07 (2E) , 3.23 (IK), 4 . 3 5 ' ( 1H) , 4 . 79 (lH),-5.70 

(2H) , 7.2-7.5 (5H) ppm . 

ic) " f4J3- f3 (R* ) . 4«. Sal 1 -3- f4 , 4 -Di methyl - 3 - f f dimethyl (1, 1- 
dimethvlethvl ) s ilvll oxvl - 1 . 5 -dicxohepfvi ] - 4 -methyl - 5 - 
phenvloxazolidin-2 -one 

13 0"mg of 2,6-iutidine is added under argon at -70°C to a 
solution of 347" mc of previously produced alcohol in 3 ml of 
methylene chloride. After 5 minutes of stirring, 344 mg of tert 
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butvldimethylsilyltrifluoromethanesulfonate is- added, and it is 
stirred for another 45 minutes at -70°C. It is mixed with 1 ml 
of saturated sodium chloride solution and allowed to come to 
23 a C. Then, it is diluted" with ether,' and the organic phase is 
washed with- saturated sodium chloride solution. After drying on 
sodium sulfate and filtration, it is concentrated by evaporation 
in a vacuum. The. residue that is thus obtained is purified by 
chromatography on silica .gel. With hexane/0-30% ethyl acetate, 
192 mg of. the "title compound is obtained as a colorless, 
crystalline compound with a melting point of 111-112°C. 

1 H-NMR (CDC1 3 ) : 5 = 0.01-0.12 (6H), 0.86 (9H), 0.90 (3H), 

1.00 (3H), : 1.13. (3H),. 1.17 (3H), 2.56 (2H), 3.05 (2H), 4.65-4.80 

(2H) , 5.68 (1H), 7.2-7.5 (5H) ppm. 

Example 2 

fs) - 4 :4-Dim^thvl-3- ri- r f dimeth vl K\ 1 -dime thvlethvl ) sUvlloxvl -5- 

oxo-heatanoic. acid 

The compound is produced analogously to Example 1.. (4S , 5R) - 
4-Methyl-5-phenyloxazolidin-2-one is used as a starting product. 
.The coverage of NMR is identical _ to' Example 1. 
[c<] 0 = -15.7° (CHCI3) 

2a) (4Sf SRI -3- isromoacetvl) -4 -methvl - 5 -ohenvloxazolidin-2 -one 
The production is carried out analogously, to Example la), 
starting, from ( 4 S , 5R) - 4 -methyl - 5 -phenyioxazolidin- 2 -one . The 
coverage of NME is identical to la) . 



/ 
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Example 3 

ts) - 3 - f 3 - f fDimeftavl ( 1 . 1 -dime thvl ) s ilvll oxvl -3- f 1- (1- 
nxonropvl ) cvclobnh - 1 -vll p ropanoic acid 

Analogously to Example 1, 1.49 g (80%) of the title ■ compound . 
and 941 mg of recovered (4S , 5R) -4-methyl-S -phenylcxazolidin- 2 -one 
are obtained from 2.79" g (S.9 mmol) of the compound that is 
described under .3b) . The title compound and the chiral auxiliary 
group that is to be recovered can be separated by chromatography 
.(analogously to" Example . 1) or else fractionated crystallization 
and then optionally purified by chromatography. 

1 H - NMR (CDC1 3 ) : 5 = ,o:09 (3H) , 0 .19 (3H), 0.90 (9H), 1.08 

(3H), 1.70:2.00 (3H),' 2.20-2.40 (4H) , 2.47. (1H), 2.50-2.70 (2H) , 

4 .45 (1H). ppm. 

la l f 4S - n (R*)' .4a,Srv1 1 -3 ^.f-3 -- Hvdroxv -1 -QXO-3- fl- (1- 

^nnro Q yl)cyrlobut-l- y 11r^nyll-4^ethyl-5- P bPTiyToxazolidin-2-one 

Analogously to Example lb), 3.0 g (37.4%) of the title 
compound is obtained as a . colorles s oil ■ aft er... column • 
chromatography on silica gel from 3.14 g (22.4 mmol) of the 
compound that is described under C) , 9.7 g (78.8 mmol) of 
anhydrous chromium (II) chloride, 9 . 69 g (32.5 mmol) of 2a) and 
300 mg .(2.2 mmol) of anhydrous lithium iodide in tetrahydrof uran . 

1 E-NM2. (CDCI3) : 5 = 0.93 (3H), 1.10 (3E), 1.80-2.03 (22) , 
2.10-2.21 (IK), 2.26-2.35 (3H> . 2.54-2.70 (2H), 3.03-3.03 (23). 
3.34 (IE), 4.39 (IE), 4.74-4.85 (IS), 5.69 (IE), 7.27-7.34 (2E), 
7.36-7.49 (3E) ppm. 
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y n ) fd S - fl (R*) . 4c Sal 1 -3- n - f roimethyl (1, 1- 

Hi.-^hvleth^ ^ S i1vll o ^ 1 - 1 -^"-3- n - (1 -oxooroovl) cvclobut-1- 
v i 1 nropyi-l -A-methvl- q -ohenvlo^7Qlidin-2 -one 

Analogously to Example ic) , 2.79 g (70.6%) of the title 
compound is obtained from 3,0 g (8.35 mmol) of the compound that 
is described under Example 3a), tert-butyldimethylsilyl- 
' trifluoromethane sulfonate and 2 , 6 - lutidine after 
recrystallization from diisopropyl ether. 

1 H-NMR (CDC1 3 ): 5 = 0.10 (3H), 0.21 <3H), 0.92 (3H), 0.95 
( 9H ), 1.10 (3K), 1.70-1.92 (2H) , 2.02-2.16 (IE), 2.20-2.40 (3H), 
2.50-2.72 (2H), 2.93-3.10 (2H), 4.63-4.75 (1H), 5.69 (1H) , 7.23- 
7.3 5 (2H) , -7.36-7.4 3 (3H) ppm. 

Example 4 . 

(P-l -3 - f3- f fnimethvl-M -1-dime ^hvl) silvllnxvl -3- Tl- (1- 
nYnnropvllrvclobut- J - vll pro panoic- acid 

The compound is produced analogously to Example 3. As a 
starting. product, ( 4R, 5S ) - 3 - (bromoacetyl) - 4 -methyl - 5 - 
phenyloxazolidin-2-one is' used. • 

The coverage of the NMR spectrum is identical to Example 3. 
The stereochemistry in 3 -position can be controlled by the 
lection of the stereochemistry at C4 and CS of the chiral 
miliary group. 4 -methyl- 5 -phenyl -2 -oxazoiidone . 

'■ The structure of intermediate product lb) was documented by 
x-ray- structural analysis . 
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Examples of the Production of Component 3 (Da 197 5.1 200. 3^ or 
PCT/SP98/05064) 

Example 1 

2 , 2 -Trimethylene-4 -pentinoic acid ethyl ester 

A solution of 77.2 g of diisopropyiamine in 270 mi of 
tetrahydrofuran is added at -15°C to 0°C under nitrogen to 473 ml 
of a 1.6 M solution of butyllithium in hexane, and it is then 
stirred for '30 minutes. Then, a solution that consists of 85.0 g 
of cyclobutanecarboxylic acid ethyl ester in 170 ml of 
tetrahydrofuran is added in drops at -70°C, and after 1 . 5 hours , 
a solution! of 78.9 g of 3 -bromo- 1-propine in 190 ml of 
tetrahydrofuran is added in drops and stirred for another 2,5 
hours at -70°c'. Then, the reaction mixture is added to 600 ml. of 
■ saturated ammonium chloride solution and extracted three times 
with 600 ml of ether each. The combined organic phases are 
washed three times with loo' ml of semisaturated sodium chloride 
solution each and dried on sodium sulfate. After filtration, it 
is concentrated by evaporation . in- a vacuum, and the residue that 
•■is thus obtained is purified by chromatography on silica gel. 
With.hexane/0-10% ether, 65.5 g of the 'title compound is obtained 
as a colorless oil. 

1 E-NMP. (CDC1 3 ) : 5 = 1.23 (3E), 1.9-2.3 (5H), 2.47 (2H) , 
2.64 (2H), 4. 20 (2H) pom. 
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Example 2 

2 , 2 -Trimethylene-4 - pen tin- l-ol 

335 ml of a 1.2 M solution of diisobutyl aluminum hydride in 
toluene is added at -70°C under nitrogen to a solution that 
consists of 65.4 g of previously produced ester in 950 ml of 
toluene, and it is stirred for 1.5 hours at this temperature. 
Then, 3 0 ml of isopropanol is carefully added; and after 10 
minutes, 170 ml of water is added, allowed to come to.22°C and 
stirred at this temperature' for 2 hours.' Precipitate . is filtered 
out, rewashed well with ethyl acetate, and the filtrate is 
concentrated by evaporation in a vacuum. The residue that is 
thus obtained is purified by chromatography on silica gel. .With 
hexane/0^40% ether, 16.5 g of the title compound is obtained as a 

colorless oil. ' 

''H-NMR (CDC1,) : 5 = 1.75 (SH); 1.98 (3.H), 2.42 (2H), 3.67 



"3' 

(2H) ppm. 



Example 3 

l-tert-Butyldimethylsilyloxy-2 , 2- trimethylene-4 -pentine 

30.5 g of- imidazole, followed by 33.3 g of tert- 
butyldimethylsilyl chloride, are added at Q a C under nitrogen to a 
solution of 18.5 g of previously produced alcohol in 500 ml of 
dimethyl forma.mide. After IS hours of stirring at 22°C, it is 
diluted with i 1 of a 1:1 mixture that consists of hexane and 
ether, the organic phase is washed twice with water, three times 
with semisaturated sodium chloride solution and then dried on 
sodium sulfate. After filtration, it is concentrated by 
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evaporation in a' vacuum, and the thus obtained residue is 
purified by chromatography on silica gel. With hexane/0-10% 
ether, 35.5 g of the title compound is obtained as a colorless 
oil. 

1 E-NME (CDC1 3 ) : <5 = 0.0S (SH), 0.90 (9H), 1.83 (SH), 1.9l' 
(1H), 2.32 (2H) , 3.55 (2H) ppm. 

Example 4 

l-tert-Butyldijnethylsilyloxy-^^-trimetliyleiie-hept^-in-S-ol 

30 ml of a I.s'm solution of butyllithium in hexane is added 
at -7 0°C under nitrogen to a solution that consists of 11.0 g of 
previously" produced silyl . ether 'in ISO ml of t etrahydrof uran . 
After 30- minutes of stirring', a solution, that -consists of 2.3 g 
of acetaldehyde in 250 ml of t etrahydrof uran is added in drops, 
stirred .for 2 hours at -70°C and for 2 hours at 0*C. ' Then the . 
reaction mixture is added to 150 'nri. of saturated ammonium 
chloride solution and extracted three times with 300 ml of ether 
each.' The combined, organic phases are washed twice with 100 ml 
of semisaturated sodium chloride solution each and dried on 
sodium sulfate. After ' filtration, it -is concentrated by 
evaporation in a vacuum, and the residue that is thus obtained i; 
purified by chromatography on silica gel. With hexane/0-30% 
ether, S.Sgof the title compound is obtained as a colorless 
oil. 

■ 1 H-NTTR (CDC1 3 ) : 5 = 0.07 (SH), 0.90 (9E), 1-45 (3H), 1.7- 
i.S (m, SH), 2.34 (2H), 3.53 (2H) , 4.53 (1H) ppm. 
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Example 5 

1 - t er t - Bu tyldime thy Is iiyloxy - 2 , 2 - tr ime tliylene - 6 - ( t e tr ahydr o - 2 E - 
pyran-2yloxy) -h.ept-4-ine 

4.33 g of dihydropyra-n, followed by 185 mg of p- 
toluenesulfonic acid-monohydrate , is added at G°C under nitrogen 
to 12.0 g of previously produced alcohol in 3 10 ml of methylene 
chloride. After 2.5 hours of stirring at 0 Q C, it is mixed with 3 
ml of triethylamine and after 10 minutes, the reaction mixture is 
diluted with 500 ml of methylene chloride.' The organic phase is 
washed .once' with 50 ml of saturated sodium bicarbonate' solution, 
three - times with 50 ml of semisaturated sodium chloride solution 
each and dried on sodium sulfate. After filtration, • it is \ 
concentrated by evaporation in a vacuum, and the residue that is 
thus obtained is purified" by chromatography on silica gel. With 
hexane/0-5% ether, 14 . 6 g of the title compound is obtained as a 

colorless oil . . " " . 

1 H-NMH (CDC1 3 ) : § = 0.0-0.1 (6H), 0.S-1.0 (9H), 1.43 (3H), 
1.4-1.9 (m, 12H), 2.32 (2H), 3.52 (2H), 3.4-3.6 ( 1H) , 3 . 8 4/3 . 98 
(IK), 4 . 4-4 .£' (1H) , 4.8 0/4.34 (1H) ppcri. 

Example 6 

i- tert-3utyldimetiiylsilyloxy-2 , 2 - trimethylene- 6 - ( tetrahydro-2H- 

pyran- 2 -yloxy) -heptane 

■ A solution of 630 mg of the THP-ether, produced in Example 
5, in 20 ml of ethyl acetate is mixed with 65 mg of 10% palladia 
on carbon and stirred for 18 hours at 22°C in a hydrogen 
atmosphere. Then, catalyst is filtered out, rewashed well with 



■ethyl acetate, and the filtrate is concentrated by evaporation in 
a vacuum. The residue that is thus obtained is purified by • 
chromatography on silica gel. With hexane/0-5% ether, . 594 mg of 
the title compound is obtained as a colorless oil. 

1 K-NT4R (CDC1 3 ) : .5 = 0.0-0-1 (6H), 0.9 (9H), 1.23 (3H), 1.1- 
1.9 (18H), 3.45 (2H) , 3.4-3.6 (1H) ( 3.6-4.00 (2K), 4. 64/4. '73 (IK) 
ppm. 

Example 7 

4 - tert-Butyldi_methylsilyloxy-but-2 -in- l-ol 

A solution of 175 g of tert -butyldimethylsilyl chloride in • 
100 ml of k 1:1 mixture that consists of hexane and 
-dimethylformamide is slowly added in drops at 0°C under nitrogen 
to a solution of 100 g of 2-butin-l-ol and 158 g of imidazole in 
300 ml of dimethylformamide, and it is stirred for 2 hours at 0°C 
-and for 16 hours at 22°C. . The reaction mixture is diluted with 
■2.5 1 of ether, washed once with water, once with 5% sulfuric 
acid, once with water, once with saturated sodium bicarbonate 
solution .and washed neutral with semi- saturated sodium chloride 
solution. After drying on sodium sulfate and filtration, it is- 
concentrated by evaporation in a vacuum. The residue 'that is 
• thus obtained is purified by chromatography on silica gel. With 
hexane/0-40% ether, 74.3 g of the title compound is obtained as ; 
colorless oil . 

IR (film): 3357, 2323, 2333, 1472, 1362, 1255, 1132, 1083, 
1013, S3", 773 cm' 1 . 
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Example 8 

(4R, 5S , 2 ' S) -4 -Methyl- 5 -phenyl- 3 - [1-oxo- 2 -methyl- 6 - ( tert- 
b-utyldimethyl'silyloxy) -hex-4-in-l-yl] -2 -oxazolidinone 

11.3 -ml of lutidine is added under nitrogen to 21 g of a 
solution of previously produced silylether in 125 ml of toluene. 
Then, it is cooled to -40°C, and 17.7 ml of 

trifluoromethanesulfonic acid anhydride is added in drops at this' 
temperature. Then, • it is diluted with. 100 ml of hexane and 
. stirred for 10 minutes. Under nitrogen via a reversing frit, 
this solution is added to a solution that was produced from 17.8 
g of hexamethyldisilazane in 140 ml of tetrahydrof uran with 73.5 . 
ml of a 1.6 -M solution of butyllithium in hexane at -60°C (10 
more minutes of stirring time) and 23.3 g of ( 4R, 5S ) - 4 -methyl -5 - 
phenyl-3-propionyl-2-oxa.zolidinone in 62 ml of tetrahydrof uran 
(30 more minutes of stirring time) . -It is allowed to stir for 
one more hour at -60°C, then mixed' '-with 6 ml of acetic acid in 5 
ml of tetrahydrofuran, and the reaction' mixture is allowed to 
heat to 22°C. It is added to 80 ml of water and extracted three 
times with ether. The combined organic phases are washed twice 
with saturated sodium chloride solution and dried on sodium 
sulfate. After filtration, it is concentrated by evaporation in 
a vacuum. The residue that is thus obtained is purified by 
chromatography on silica gel. With hexane/ 0.-2 0% ether, 16.0 g of 
■ the title compound is obtained as a colorless oil. 

1 K -NTtR (CDC1-) : 5 = 0.10 (SE), 0.50 (9K), 0 . 32 (3H), 1.28 
(3H), 2.-47 (1H) , 2.61 (IS), 3 . 96 (iH) , 4.25 (2H), 4.73 (IE), 5.63 
(1H)', 7.3.1 (IE), 7.3-7.5 (3H) ppm . 
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Example 9 _ 
(2S) -2 -Methyl- 6- ( tert-butyldimethylsilyloxy) - 4 -hexinoic acid 

ethyl ester 

9.0 ml of titanium ( IV) ethylate is added under nitrogen to a 
solution of 33. 3 g of the previously produced alkylating product 
in 120 mi of ethanol, and- it is refluxed for 4 hours. The 
reaction mixture is concentrated by evaporation in a vacuum, and • 
the residue is dissolved in 10 0 ml of ethyl acetate. 3 ml of 
water is added, stirred for 20 minutes, precipitate is suctioned- 
out, and it is rewashed well with ethyl acetate. The filtrate is 
concentrated by evaporation, mixed with 200 ml of hexane, and 
precipitate is filtered out: The precipitate "is washed well, with 
hexane'. The filtrate, is concentrated by evaporation in a vacuum, 
and the residue that is thus obtained is purified by 
chromatography on silica gel. With hexane/ 0-20% ether, 25.4 g of 
the title compound is obtained as" a colorless 
oil. 

1 H-NMR (CD 2 C1 2 ) : 5 = 0.10 (3H),'0.90 (SH), 1.2-1.3 (6H), 
2.37.(1H), 2.54 (IE), 2.6.0 (IK), 4.12 (2H), 4.27 (2H) ppm . 

Example 10 

(2S) -2 -Methyl- S- (tert-butyldimethylsilyloxy) -hexanoic acid ethyl 

• ■ . 

ester 

A solution of 10.5 g of the previously produced ester in 200 
ml of ethyl acetate is. mixed with 1 g of 10% palladium on carbon, 
and it is stirred for 3 hours- at 2 2°C in a hydrogen atmosphere. 
Then., catalyst is filtered out, it is rewashed well with ethyl 
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acetate, and the filtrate is concentrated by evaporation in a 
vacuum:- The residue that is thus obtained is purified by 
chromatography on silica gel. With hexane/0 - 10% . ether , 9/95 g of 
the title' compound is obtained as a colorless oil. 

■ 1 E - MMR (CD 2 C1 2 ) : 5 = 0.01 (6E), 0.84 ( 9H) , 1 . 07 ( 3H) , 1 . 1'3 
(3H) , 1.2-1.7 (6H), 2.38 (IK), 3.57 (2H), 4.05 (2H) ppm. 

Example 11 

(2S) -2 -Methyl- 6 - ( tert-butyldimethylsilyloxy) -hexan-l-ol 

63 ml of a 1.2 M solution of diisobutylaluminum hydride in. 
toluene is. added' at -40°C under nitrogen to a solution that 
consists of 9.94 g of the previously produced' ester in 13 0 ml of 
toluene,. and it is stirred for 1 hour at this temperature. Then, 
15 ml of isopropanol is carefully added, and after 10 minutes, -30 
ml -of water is added, ' allowed to reach 22 Q C, and it is stirred at 
this temperature for 2 hours. Precipitate is filtered out, it is 
rewashed well' with ethyl acetate, and the filtrate is 
concentrated by evaporation in a vacuum.- The residue, that is 
thus obtained is purified, by chromatography on silica gel. With 
hexane/0-30% ether, 7.9 g of the title compound is obtained as a 
colorless oil. [al 0 -8.1° (c = 0.97, CKCl,) . 

''H-NWR (CDC1J : 0 = 0.07 (3E), 0.39 (9E),. 0.91 (3E), 1.0- 
1.1 (7H) , 3.43 (2H) , 3.52 (2H) ppm. 
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Example 12 

(2S) -2-Methyl-6-.{tert-butyld±niethylsilyloxy) -1- ( te trahydro - 2H- 

pyran-2 -yloxy) -hex an e 

3.52 ml of dihydropyran, followed by 49 mg of ,p- 
toluenesulfonic acid-monohydrate , ' is added at 0°C under argon to 
6.4 g of the previously produced alcohol in 26 ml of methylene 
chloride. After 1.5 hours of stirring at 0 Q C, it is -mixed with 
10 ml of saturated sodium bicarbonate solution and diluted with 
ether. The organic phase is washed twice with semi- saturated 
sodium chloride solution and dried on sodium sulfate. After 
filtration, it is concentrated by evaporation in a. vacuum, and 
the residue that is thus, obtained is purified by chromatography 
on silica gel.- With hexane/0-5% ether, 4.75 g of the title 
compound is obtained as- a colorless oil. 

1 H-MMR (CDC1 3 ) : 5 = 0.05 (6H), 0.3-9 (9H), 0.92 (3H), 1.0- 
1.9 (13H), 3.19 (1H), 3.50 (1H), SVSS-3.65 (3H) , 4.87 (1H) , 4.57 
(1H) ppm. 

Example 13 

(SS) -5 -Methyl- 6- ( te trahydro -2H-pyrar. - 2 -yloxy ) -hexan-l-ol 

13.5 g of tetrabutyiammonium' fluoride trihydrate is added 
under nitrogen to a solution of 4.7 c of the previously produced 
THP-ether in 170 ml of tetrahydrcf uran, and it is stirred for 3 
hours. Then, the reaction mixture is diluted with 800 ml of 
ether, and it is washed three times each with 20 mi of semi- 
saturated sodium chloride solution and dried on sodium sulfate . 
After filtration, it is concentrated by evaporation in a vacuum, 
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and the residue that is thus- obtained is purified by 
chromatography on silica gel. With hexane/0-50% ethyl acetate, 
2.33 g of the title compound is obtained as a colorless oil. 

1 H-NMR (CD 2 C1 2 ) : 5 = "0 . 90/0 . 92 _ ( 3H) , 1.1-1.9 (13H), 3.13 
(IE), 3 .40-3 .65 (4H) , 3.8 2 (1H), 4.5 3 (1H) ppm. 

Example 14 

(53) -'5 -Methyl- 6- ( tetrahydrb-2H-pyran-2 -yloxy) -hexanal 

1.9 ml- of dimethyl sulfoxide, dissolved in 7 ml of methylene 
chloride, is carefully added in drops under nitrogen at -70°C to 
1.08 ml of oxalyl chloride, dissolved in 10 ml of methylene 
chloride,- and it is stirred for 10 minutes at this temperature. 
Then, a solution of 2.0 g of the' previously produced alcohol in 7 
ml 'Of methylene chloride is added in drops, and it is stirred for 
2 hours. between -60°C and.-70°C. Then, ' 3 . 86- ml of triethyiamine 
is added, and after 1 hourof stirring at -60°C, the reaction 
■ mixture is added to 30 ml of water. After phase separation, the 
aqueous phase is extracted twice with 30. ml of - methylene chloride 
each. The combined organic phases are washed three times with 
saturated sodium chloride solution. After drying on sodium 
sulfate and filtration, it is concentrated .by evaporation in a 
vacuum., 1.99 g of the aldehyde, which is used without further 
purification, is obtained. 
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Example 15 

(2RS,6S) -6-Methyl-7-(tetrahydro-2H-pyxan-2-ylo:cy) -hep tan- 2 -ol ■ 

6.16 ml of a 3 M methylmagnesium bromide solution in ether 
is slowly added in drops under nitrogen at 0°C to a solution of 
1.98 g of the previously produced aldehyde in 3 0 ml of ether. 
After 60 minutes, it is slowly poured onto 50 ml of ice-cold 
saturated ammonium chloride solution and extracted three- times 
'with ether. The combined organic phases are washed once with 
water, and twice with saturated sodium chloride solution and- 
dried on sodium sulfate. After filtration, it is concentrated by 
"evaporation in a vacuum, and the residue that is thus obtained is 
purified by chromatography on silica gel. With hexane/0-60% 
ether, 1..57 g of the title compound is obtained as a colorless- • 
oil . - 

1H-NMR (CD 2 C1 2 ) : 5 = 0 . 90 / 0 . 93_ ( 3H)' , 1.15 (3H), 1.0-1.9 
(13E), 3.18 (1H), 3.4-3.6 (2H), 3 -3 . 9 (2H), 4.53 (1H) ppm. 



Example 16 

(SS) -S-Methyl-7- (tetrahydro-2H-pyran-2-yloxy) -heptan-2 -one 

153 mg of activated molecular sieve (4A, powder) and 533 mg 
cf N-methylmorpholine-N-oxide are . added under argon to a solution 
of 700 mg of the alcohol, produced in Example 15, in a mixture . 
that consists of 14 ml of methylene chloride and 4 . 7 ml of . 
acetonitriie, stirred for 10. minutes, and then 10 . S mg of 
tetrapropyiammonium perruthenate is added. The reaction mixture 
is concentrated by evaporation in a vacuum after 20 hours. The 
residue that is thus obtained is purified by chromatography on 



silica gel. With hexane/0-40% ether, 690 mg of the title 
compound is obtained as a colorless oil. 

'H-NMR (CDCI3): 5 = 0.91/0- S3 (3H), 1.0-1.9 (11H). 2.13 
(3H), 2.42 (2K), 3.19 (1H)-, 3.4-3.6 (2H), 3.85 (1H), 4.55 (IK) 
ppm. 

Example 17 

(2S, 6RS) -2-Methyl-6- ( tert -butyl- diphenyls ilyloxy) -1- (tetrahydro- 

2H-pyran- 2 -yloxy). -heptane 

2.13 ml of tert-butyldiphenylsilyl chloride is added at 0°C 
under nitrogen to a solution of' 1.57 g of. alcohol that is 
produced" according to Example 15 , and l . 11 g of imidazole in 2 0 
mi of dimethylformamide, and it is stirred for 15 minutes at 0°C 
and for 16 hours at 22°C. The reaction mixture is diluted with 
200 ml of ether, washed once with water, once with "10% sulfuric 
acid, once with saturated sodium 'bicarbonate solution and washed 
neutral with saturated sodium chloride solution. After drying on 
sodium sulfate and filtration, it is concentrated by evaporation 
in a vacuum. The residue that is thus obtained is purified by 
' chromatography on silica gel. With hexane/0-10% ether, 2.87 g of 
the title compound is obtained as a colorless oil. 

'HrNMR (CDC1 3 ): 5 = 0.S7/0.89 (3H), 1.04 <9E), 0.9-1.9 
(16H), 3.15 (1H)' 3.4-3.6 (2H) , 3.8-3.9 (2H) , 4.56 (IE), 7.3-7.5 
(6H) , 7.69 (4H) ppm. 
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E:c amp 1 s 13 

(23,6ns) -2 -Methyl- S- ( tert -butyl - diphenyls ilyloxy) -he? tan- l-ol 

131 trig of pyridinium-p-toluenesulfonate is added to a 
solution of 2.3 g of silyrether, produced according to Example . 
17, -in 100 ml of ethanol. and "it is stirred for 4 hours, at 40°C 
Then, it is concentrated by evaporation in a vacuum, and the 
residue -that is thus obtained is purified by chromatography on 
silica gel. With hexane/20% ether, 1.68 g of the title compound 
• is obtained as a colorless oil. 

Example 19 

(2S)-2-Metnyl-6-(tert-butyldij I iethylsilyloxy) -hexanal 

2.07 g of the alcohol that is produced under Example 11 is 
oxidized analogously to Example 14, and after working -up and. . 
chromatographic purification, 2.09-g of ■ the title compound is 
isolated as a colorless oil. 

1H-NMR (CDC1 3 ): 0 = 0.04 (6H)', 0.90 (9H) , 1.10 (3H)\ 1.31, 
1.48 (3H), 1.48-1.60 (2H), 1.72 (1H), 2.34 (1H), 3.61 (2H), 9-62 
(1H) ppm. 

Exajn.pl e 2 0 

(2S,6RS) -2-Methyi-6- ( tart-butyl-diphenylsilyloxy) -naptanal 

2.13 g of the alcohol that is presented under Example 13 is 
oxidized analogously to Example 14, and after working -up and 

, r- . . • _ n - n r- r, f t>. e title compound is 
chromatographic punf icacion, 2.x0 g o^ t-e ux-x . 

isolated as a colorless oil. 
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(1H) , 3 .S3 



H-NMR (CDC1 3 ): 0 =1.00-1.12 (1SH), 1.18-1.63 (6H), 2.22 
(1H), 7.32-7.47 (SH) , 7.61-7.72 (4H) , 9.S4 (1H) ppm . 



samples o f ^ Production o£ Co mponent C (DE 197 51 20.0.3 or 
PCT/SPS3/050S4) 

Example 1 

(S) -Dihydro-3 -hydroxy- 2 (3H) -furanona 

10 g of L-(-) -malic acid is stirred in 45 ml of 
trifluoroacetic acid anhydride for 2 hours at 25°C. Then, it is 
concentrated by evaporation in a vacuum, 7 ml of methanol is 
added to the residue,- and it is allowed- to stir -for l2mo-re 
'hours. Then, it is concentrated by evaporation in a vacuum. The 
residue that' is obtained is dissolved in 150 ml of absolute 
tetrahydrofuran. It is cooled to 0°C, and 150 ml of borane- 
tetrahydrofuran complex is added ■ and .allowed to stir for 2.5 more 
hours at Vc.' Then, 150 ml of methanol. is added. It. is allowed 
to- -stir for one mora hour at room temperature- and then- 
concentrated by evaporation in -a vacuum. The crude product that 
is obtained is dissolved in 80 ml of toluene.. 5 g-of Dowex<*> 
(activated/ acidic), is added, and it is refluxed for one hour . . 
Then, Dowex'" is filtered off, and the filtrate is concentrated, 
by evaporation in a vacuum. The crude product that is obtained 
-(7.61 g, 99,9%) is used without purification in the next step.- 



Example 2 

(S) -Dihydro-3 - [ C (1, 1- dimethyl ethyl) diphenylsilyl] oxy] -2 (3H) - 
fnranone 

24 mi of tert-butyldiphenyisilyl chloride is added to a 
solution of 7.61 g of the substance that is described under 



Example 1 and 10 g of imidazole in 100 ml of M,N- 
dimethylformamide. It is allowed to stir for two more hours at 
25°C, and then the reaction mixture is poured onto ice-cold 
saturated sodium bicarbonate solution. It is extracted with 
ethyl acetate, the organic phase is washed with saturated sodium 
chloride solution, dried on sodium sulfate and . concentrated by 
evaporation in a vacuum. After column chromatography of the 
crude product on silica gel with a mixture that consists of 
hexane/ethyl acetate, 13.4 g (52.8%) of the title compound is 
obtained-. 

'. 1 H -NMR (CDC1 3 ):" 5 = 7.72 (2H), 7.70 (2H), 7.40-7/50 (6H), 
4.30-4.42. ( : 2H), -4.01 ( 1H) , 2 . 10 - 2 . 3 0 . ( 2H) , 1.11 OH) ppm. 

Example 3 -' ... 

■ (2RS, 3S) -3 - t [ (1, 1-Dimethylethyl) dip'henylsilyl] oxy] tetrahydro - 2 - 

furanol 

80 ml of a 1 molar solution, of diisobutylaluminum hydride in 
hexane is . added ' at . - 7 3°C to a solution' of 13.4 g' of the 
substance, described under Example 2, in 150 ml of absolute 
■tetrahydrofuran. It is stirred .for" 45 more minutes at -73 C C and 
then quenched with water. It is extracted with ethyl acetate, . 
■the organic phase is washed with ' saturated sodium chloride 
solution,' dried. on sodium sulfate and concentrated by evaporation 
- in a vacuum. 13.46 g (99.4%)-of the title compound, which is 
used without purification in the next step, is obtained. 
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Example 4 

(2RS,3S) -3- [ [(l,l-Dimethylethyi)dipheiiylsilyl]oxy] -1,4- 
peiitanediol 

A solution of 13.46 g-of the. substance, described under 
Example 3, in 150 ml of. absolute tetrahydrofuran is added in 
drops at 0°C to 20 ml of a 3 molar solution of methylmagnes ium 
chloride in tetrahydrofuran.. It is allowed to stir for one more 
hour at 0°C and' then poured onto saturated aqueous ammonium 
chloride solution. It is extracted with ethyl acetate, the 
organic phase is washed with saturated sodium chloride solution, 
dried on sodium sulfate and concentrated by evaporation' in a 
vacuum. After. column chromatography of the crude product on 
silica, gel with a mixture that consists of hexane/ethyl acetate, 
11..42 g (81.6%) of the title compound is obtained. 

iH-NMR (CDC1 3 ): 5 = 7.65-7 ,75' (4H), 7.40-7.55 (6H), 5.20 
(1H), 4,30 (2H), 3.70 (1H), 1.80 12 H) , 1-05 OH) ppm . 

Example 5 . 

(2RS,3S)-5- [ [Dimethyl (1,1-diiuethylethyDsilylloxy] -3- [[(1,1- 
" di-Tiethylethyl) diphenylsilyll oxy] - 2 -p'entanol 

4.9 g of tart-butyidimethylsilyl chloride is added to a 
solution of. 11.42 g of the substance that is described under 
Example 4, and 3.25 g of iH-imidazoie in 120 ml of N,N- 
dimethylfcrmamide. It is allowed to stir for 2 more hours at 
2S«C, and then the reaction mixture is poured onto ice-cold, 
saturated sodium bicarbonate solution. It is extracted with 

acetate, the organic phase is washed with saturated sodium 
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chloride solution, dried on sodium sulfate and concentrated by 
evaporation in a vacuum. After column chromatography of the 
crude product on silica gel- with a mixture that consists of 
hexane/ethyi acetate, 10.64 g(70.5%) of the title compound is 

obtained. 

• 1H-NMR (CDCI3): 3 = 7.6-0-7.70 (4H), 7.30-7.45 (6H), 3.70-- 
3.80 (2H), 3.40 (IE), 3.00 (1H), 1.80 (1H). i.60 (1H), 1-05-1.12 
(12H), 0-82 OH), 0.02 (6H) ppm . 

Example 6 

(3S) - 5- [ [Dimethyld, l-dimethylethyl) silyll oxy] -3- [ C (1, 1- 
dimethylethyl) diphenyl.silyl] oxy] - 2 -pentanone 

13 ml of dimethyl sulfoxide is added at -78=0 to 7,37 ml of 
oxalyl chloride in 80. ml of dichlo-romethane . It is allowed to 
stir for" 3 more minutes, and then!0 : 46 g of the substance,- 
described under Example 5, in lOO^m! of dichloromethane , is 
added. After another 15 minutes of stirring time, 52 ml of 
triethylamine is added in drops. Then, it is allowed to heat to 
0-c. Then, the reaction mixture is poured onto saturated sodium 
bicarbonate solution. It is extracted with dichloromethane, the 
organic phase is. washed with saturated sodium chloride solution, 
dried on sodium sulfate and .concentrated by evaporation in a 
vacuum. After column chromatography of the crude product on 
' silica gel with a- mixture that consists of hexane/ethyl acetate, 
5.2 g (26.5% relative to the malic acid that is used) of the 
title compound is obtained. 
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-H-fc-MR (CDC1,): a - 7. .0-7. 70 <«B> . 7.32-7.50 («> . 4.25 
(1H) , 3 .72 (IK), 3.S. UK). 2.05 (3K), 1.90 (IE)," 1.75 (18), 1-13 
(SH) , 0.89 (9H) , 0.01 (SH) ppm . 

Example 7 

(R) -Dihydro-3 -hydroxy- 2 (3H) -furanone 

10 g of D-( + ). -malic acid is reacted analogously to Example- 
7 . 2 6 g of the title compound is obtained. The coverage of ■ 
the- 1 H-NMR spectrum. is identical to 1 . 



Example 8 

(R) -Dihydrc-3- [ Cd^-dimethylethyDdiphenylsilylloxy] -2 (3H) - 
furanone ' 

ai.Xogou.ly to Example 2, 12.9 g of the title co-pound is 
obtained fro™ 7.2 S g of the substance that is described u,der 

_ f t- hp i-F-OTvre. spectrum is identical to 
Example 7. The coverage or the tt n.-. , 

2 . 



Example S 

<2RS, 3» -3- C ( (1, 1-Di.ethylethyi) diphenylsilyl, oxv-1 tetrahydro-2- 

furanol 

i - io c: c of th<=> title compound is' 

Aaalocrouslv to Example 3, i2.^ 9 o- 

obtained from U.» 9 of the substance that is described under 

Mls l . The coverage of the <«.M spectrum is identical to 
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Exsonple 10 - 
(2RS, 3R) -3- t [ (1, l-Dimethylethyl)diphenylsilyl] oxy] -1,4- 

pencanediol 

Analogously to Example 4, 11 g of the title compound' is 
obtained from 12 . 95 g of the substance that is described under 
Example 9. The coverage of the l H-NMR spectrum is identical to 
4 . 



Example 11 

(2RS, 3R) -5- [ [Dimethyl (1, 1 -dimethylethyl) silyl] oxy] -3 - [ [ (l, l- 
dimethylethyl)diphenylsilyl]oxy]-2-pentanol 

Analogously to Example 5, 10.11 g of the- title compound is 
obtained from 11 g of the substance that is described under- 
Example 10. The coverage of the 1 H-NMR spectrum is, identical to 

5 . . 

Example 12 

( R ) -5-'[ [Dimethyl (1,1-dimethylethyl) silyl] oxy] -3 - [[(1,1- 
' dimethylethyl) diphenylsilyl] oxy] -2-pentanone 

" Analogously to Example 6, 8. 85 g of the title compound is 
obtained from 10.11 g of the substance that is described under 
Example; 11. The coverage of the 'H-NMR spectrum is -identical to 
6 . 



151 



Eicajnple 13 

(3RS) -Dihydro-3 -hydroxy- 2 (3H) -furanone 

5 c of racemic malic acid is reacted analogously to Example 
! . .3.68 g of the title compound is obtained. The coverage of 
the 1 H - NMR spectrum is- identical to 1 . 



Example 14 

(3RS ) -Dihvdro-3-(C(l,l-di m ethylethyi)diphenylsilyl]oxy] -2(3H) - . 
furanone 

Analogously to Example 2, 6 . 5 g of the title compound is 
obtained from 3.63 g of the substance that is described under 
Example.'^ The coverage ot the 1 H-NMR spectrum is identical to 

2 . 



Example 15 

, 2R S,3RS)-3-[H 1 ,l-Di^t hy le C hyl)dlphenylsilyllo^]te t ra 11 ydro-2- 

furanol 

■ Analogously to Example 3, 6.51 g of the title compound is 
obtained fro. 6.5 g of the substance that is described under 
Example 14. The coverage of the 'E-SMR spectrum is identical to 



Example 16 

(2RS,3RS)-3-C[(l,l-Dimethylethyi)diphenyisilvilo:cy]-l 1 



pent anediol 

^iialogousiv 



a c e <~ t title COtTiCOUriC 1: 

isiv to Example 4, 5.5 c O- i 



obtained from 6.51 g of the substance that is describee uncar 
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e is. The coverage of the 1 H-NMR spectrum is identical to 



Example 17 

(2RS , 3RS) -5- C [Dimethyl (I, 1 -dimethylethyl ) silyl] oxy] -3- [ [ (1,1- 
dimethylethyl) diphenylsilyl] o:cy] -2-pentanol 

Analogously to Example 5, 5.05 g of the title compound is 
obtained from 5.5 g of the substance that is described- under 
Example 16. The coverage of the 1 H-NMR spectrum is identical to 
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.Example 18 

(3RS) -5- [ [Dimethyl (i, l -dimethylethyl ) silyl] oxy] - 3 - [ [ ( l , l- 
dimethylethyl) diphenylsilyl] oxy] -2 T pentanone 

'Analogously to Example 6, 4.3 g of the title compound is 
obtained from 5.05 g of the substance that is described under 
Examole 17. The coverage of the ^E-NMR spectrum is identical. to 
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Example 13 

<E,3S)-1- [ (Dimethyl (l,l-dl»etiyletliyl)silyll oxy] -3- [((1,1- 
dil.tiyi.thyl> diph.nyl.tlyH «yl -4—thyl-s- (j-m.thylthi^ol-.- 

yl) -pent- 4 - ene 

The solution of 6.82 g of diethyl ( 2 -methyl thiazol-4 - 
vDmethanephosphonate in 300 ml of anhydrous tetrahydrofuran is 
cooled under an atmosphere of dry argon to -5°C, mixed with 16.2 
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ml of a 1.6 molar, solution of n -butyll i thium in n-hexane, allowed • 
to heat to 23°C and stirred for 2 hours. Then, it is cooled to 
_ 7a o C; the so i u tion of 6.44 g (13.68 mmol) of the compound, 
presented according to Example 6, in 150 ml of tetrahydrof uran is 
added in drops, allowed to heat to 23°C and stirred for IS hours. 
It is poured into saturated ammonium chloride solution, extracted 
severaltimes with ethyl acetate, the combined organic extracts 
are washed with saturated sodium chloride solution and dried on 
sodium sulfate. The residue that is obtained after filtration 
and' removal of the solvent is purified. by chromatography on fine, 
silica gel with a gradient system that consists of n-hexane and 
ethyl acetate, 6.46 g (li.4 mmol, .83%; yield relative to the 
malic acid that is used: 22%) of the title compound is isolated 

as a colorless oil. 

' H - NMR (CDCi 3 ): 5 = -0.04 (6Hj, 0.83 (9H), 1.10. (9K), 1.79 
(1H ), 1.90 (1H), 1.97 (3H), 2.51 W) , 3.51 (2K), 4.38 (1H), 6.22 
(1H), 6.74 (1H), 7.23-7.47 (6H), 7.63 (2H) , 7.70 (2H) ppm.. 

Example. 20 

(E,3S)-3- [[(l,l-Dimethyl a t:iiyl)diphenyl'silyl3oxy] -4 -methyl- 5 -( 2 - 
methylthiazol-4-yl) -pent- 4 - en- 1- ol 

The solution of 4.79 g (a. 46 mmol) of the compound, " 
presented according to Example 19, in 48 ml of tetrahydrof uran is 
mixed with 48 ml of a 65:35:10 mixture that consists of glacial 
' acetic acid/water/tetrahydrofuran, and it is stirred for 2 . 5 days 
at 23°C. It is poured into saturated sodium carbonate solution, 
extracted several times wich ethyl acetate, the combined organic 
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extracts are washed with saturated sodium chloride solution and . 
dried on sodium sulfate. The residue that is obtained after 
filtration and removal of the solvent is purified by 
chromatography on fine silica gel with a gradient system that 
consists of n-hexane and ethyl acetate. 3.42 g (7.57 mmol, 90%)- 
of the title compound is isolated as a colorless oil. 

Ui-NMR (CDC1 3 ): 5 = 1.10 "(9H), 1.53 (1H), 1.81 -UK) , 1.96 

(3H), 2.71 (3H), 3.59 (2H), 4.41 (1H), 6-33 (1H), 6.78 (1H), 

7-26-7.49 (6H), 7.65 (2H) , 7.72 (2H) ppm . 

Example 21 

(E, 3S) -l-Bromo-3 - t [ (1 , 1-dimethylethyl ) diphenylsilyl] oxy] -4- 
methyl-5- (2-methylthiazol-4-yl) -pent-4-ene 

The solution of 378 .mg (0.84 mmol) of the compound, 
presented according to Example 20, in 9 ml- of dichloromethane is 
mixed at 0°C under an atmosphere of dry argon with 90 M l of 
pyridine, 439 mg of triphenylphosphine , and 556 mg of 
tetrabromomethane, and it "is stirred -for 1 hour at 0°C . The 
solution is chromatography on fine silica gel with a gradient 
system that consists of n-hexane and ethyl acetate. 362 mg (0.70 
mmol, 84%) of the title compound is isolated as a colorless oil. 

IEtNMR (CDC1 3 ): 5 = 1.09 (9H), 1.95 (3H), 2.01-2.23 <2E), 
2.71 (3H) , 3.15-3.35 (2H) , 4.35 (IK), 6.3 0 ( 1H) , 6 . 7 9 ' ( 1H) , ' 7 . 2 5 - 
7.49 (6E), 7.63 (2E), 7.69 (2E) ppm. 
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Example 22 . 

(B, 3S ) -l-Iodo-3 - [ [ (1, 1-dimethylethyl) dipheny.lsilyl] oxy] -4-methyl- 
5- (2-methylthiazol-4-yl) -pent - 4 - ene 

The solution of 8.41 g of tr iphenylphosphine in 120 ml of 
dichloromethane is mixed at 2 3°C under an atmosphere of dry argon 
with 2.19 g of imidazole and 8.14 g of iodine, -the solution of 
12.2 g (27.0 mmol) of the compound, presented according to . 
Example 20, in 30 ml 'of dichloromethane is added in- drops and 
stirred f or 0 . 5 hour. The solution is chromatographed on fine 
silica gel with a gradient system that consists of n-hexane and 
ethyl acetate. 12.15 g (21.6 mmol, 30%) of the title compound is 
isolated as a colorless oil. 

iH-NMR (CDC1 3 ): * = 1-08 OK), 1.9* .OH), 2.10 (2H), 2.70 
(3H), 2.87-3.08 (2H>. 4.24 (1H), 6.32 <1H), 6.79 (1H) , . 7 . 2 8 -7 . 4 8 
(6H) , ' 7.60-7.72 (4H) ppm . ■ 

Example 2 3 . 

(5B/3S)-[3-[[(l,l-Dimethylethyl)'diph.iiylsilyl]oxy]--4-methyl-5-(2- 

m ethylthiazol-4-yl) -pe-nt-4 -en- 1-yll - triphenylphosphonium iodide 
The suspension that consists of 12.55 g (22.3 mmol) of the 
compound that is presented according to Example 22, 85 5 cf 
triphenyiphosphine and 11 . 6 ml of N-ethyldiiscpro ? ylamine is 
stirred under an atmosphere of dry argon for 15 hours at S0°C. 
After cooling, it is mixed with 'diethyl ether, filtered, ' and the 
residue is rewashed several times with diethyl ether and 
recrystaliized from' ethyl acetate. 13.7 g (19.1 mmol, 74%) of 
itle compound is isolated as a crystalline solid. 
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1H-NMP. (CDCI3): 0 - 1-07 (9H), 1.68-1.92 (2E), 1,93 (3E), 
2 . 70 (3H), 2.93' (1H), 3.30 (1H). 4.53 (IE), 6.62 <1H), 7.03 <1H), 
7.23.7.47 (6H), 7.48-7.72 (16H), 7.73 -7.85 (3H) p.pm • 



Example 2 4 

(E 3 - 1 ~ t [Dimethyl ( 1 , 1 - dimethyl ethyl) s iiyl] oxy] - 3 - [ C ( 1 , l- 
d i m ethylethyi) dipher-ylsilyll oxyl -4 

yl) -pent - 4 -eae 

"Analogously to Example 19, 8.56 g (80%) of the title 
compound is obtained from 8.85 g of .the compound that is 
described under Example 12. The coverage of iH-HMR is identical 

to 19. - 
Example 2 5 

( E,3R)-3-[[.(l,l-Di^thylethyl)di P henylsiiyl]oxy]-4-methyl-5-(2- 

methylthiazol-4-yl)-pent-4-en-l-ol-- 

' Analogously to Example 20, 6.25 g (92%) of the title 
compound is obtained from 8.56 g of the compound that is 
described under Example 24. The coverage of 1 H-NMR is identical 

to 20. 



Example 2 6 

. , rr ,. , ^^et'rvlet-hvDdiohenvlsilyll oxy] -4-methyl' 
(E , 3H.) - 1- Iodo-3 - [[ U , I" Qiiueui-yxe — y - ; <- s- 

5- (2-methyithiazol-4-yl) -pent-4-ene 

Analogously to Example 22, 6.22 g (30%) of the title 
compound is obtained from 6.2S c of the compound that is 
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described under Example 25. The coverage of the E-NMR spec. rum 

is identical to 22. 

Example 2 7 

(SE.SRj-tS-C-Cd.l-DimethyletliyDdiphenylsilylloxy] - 4 -methyl - 5 - ( 2 - 
m ethylthiazol-4-yl) -pent - 4 -en- 1 -yl] - triphenylphosphonium iodide 

Analogously to Example 23, 7.36 g (70%) of the title 
"compound 'is obtained from 6.22 g of the compound that is 
described under Example 26. The coverage of the ^H-NMR spectrum 
is identical t.o 23. 

Example 28 - 

(E , 3RS } -1- [ [Dimethyl (1, 1-dimethylethyl) silyll oxyl -3- [ [ (1. 1- 
dimethylethylldiphenylsilyll oxyl -4-methyl-S- U-me thylthiazol-4- 

■ yi) -pent -4 -ene 

Analogously to Example 19, 9 ° f Chs title 

compound is obtained fro.. 4.3 g o£ the compound that is described 

under Example 13 . The coverage of the 'E-SKR spectrum is 

identical to 19., 

Example 2 9 

lS , 3RS) ,3 - [ id, 1-Dimethyiethyl) diphenyls ilyl] oxyl - 4 -methyl - 5 - .( 2 - 
methylthiazol-4-yl) -pent-4-en-l-ol 

Analogously to Example 20, 3.16 g (33%) of the title 

j ^v-u-^^ r TOJ i a 52 c of the compound that is 
compound is ooiaiuec — 0in - 

. „ TV -, a COVflrsa s of the 'E-NMR spectrum 
described under Example ^3. T^e cov 

is identical to 20. 
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Example 3 0 

(S, 3RS) -i-Iodo-3 - [ [ (1, l- dime thyle thy 1) diphenylsilyl] cxy] -4- ■ . 
ruethyl-5- (2-methylthiazol-4-yl) -pent-4-ene 

^Analogously to Example 22, 3.34 g (35%) of the title 
compound is obtained from 3 . IS g of the compound that is 
.escribed under Example 25.' ' The coverage' of the 1 H-MMR spectrum 
is identical to 22. 

Example 31 ' 

(SE.3RS) - [3 - C CU. i-Dimethylethyl> diphenylsilyl! oxyl -4 -methyi-S - 
U-methylthiazol-4-yl, -pent-4-en-l-yll -triphenylphosphonium 

iodide 

Analogously to Example 23, 4.35 g (77%) o£ the title 
compound is obtained from 3.34 g of the compound that is 
described under Example ». The average of the « spectrum. 

is identical to 23. "' 

Example 3 2 . ' 

3S) -I- t [DimethyKl, l -dimethy lethyl ) silylloxy! -3- t [ (1, 1- 
dimethylethyl) diphenylsilyil oxy! -4 -methyl- 5 - (2 -pyridyi) -pent-4- 

ene 

i ^ ^--n^i- i* 2 c (4.23 mmol) of the compound 
Analogously to Example l. f * <=j \ 

cr-'-ccord-c to Example 6 is reacted with use of 
that is DiesenL=u &cco^ - ■ 

dietilv l< 2 -pyridyl)methanephosphonate, and after worWng-up and 
Purification, 2 g (J .«« —I, .7%) of the title compound is 
- isolated as a colorless oil. 
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'H-NME (CDCl,): 6 = "0-06 (SH), 0.60 (9H>, 1.0S <9H>, 
L90 (IH).VoO ,3H). 3.53.(2,:), 4.40 (IB,. 6.22 ( IK) 
7. OS <1H>, 7.25-7.45 («) . 7.58 (1H), 7.65-7.77 (4E) , 8.58 

(IE) PPm. 
Example 3 3 

(E/ 3S ) . 3 -U(l,i-Dimethylethyl)diphenylsilyl]oxy]-4-methyl-S-(2- 
Dyridvl) -pent -4 -en- l-ol 

- .analogously to Example 20, 2 g (3.68 .mmol) of the compound, 
that is produced under Example 32 is reacted with a 65:35:10 
mixture that consists of glacial acetic acid/water/ 
t etrahydro*uran. After purification, 1.38 g (3.20 mmol, 87%) of 
the title compound is obtained. 

( CDC1 3 ): 5 = 1,12 (9H1.-1.85 (2H), 2.00 ,,»). 3.62 

UK). 4.45 UH). «.44 (IK.. 7.03UH), 7.08 (1H), 7.25-7.48 ,6H, 

7.59 (1H), 7.65-7.77 (4H) , 8.58 (Ve) ppm. 

Example 3 4 

(Z , 3 s ) - 1 - I tDim. thyl ( 1 , 1 - dime thy 1. thyl ) s ily 1] °*yl - 3 - I I ( 1 . 1 - 
dil.ttyl.thyDdipl^yl.ilyll-xyl -4— thyl-5- ,3-pyridyU -,«t-4. 
er6 u , and , I , JS) :i.[[dJ-.thyl(l.l-dl-.t h yl.tiyl).ilyll^l-3- 
1 1 ( i, i- 4 i,.t*yl.thyl) diph«,yl. ilyll ~* " 4 * ' 3 "^ idy11 " 

pent-4-ene (B) 

1a 10 - a c (10.2 mmol) of the compou 
Analogously to Example j-S , ■ <s g v j-u 

^-,-,„--i = e is reacted with use of 
that is presented accorcmg to *x^pi- & 

_ ._ _ ~ -fi-- r worxir-c-uc and 

diethyl ( 3 -pyridyi)methanepnospnon^.= , ^ca-u- - - 

- * f t- -i m e c ottos ound A anc - • 

clarification, 443 mc (0.82 mmci, 8*) t_v..e c . 



ISO 



«i sis.} of title compound 3 are isolated in each case 
a (6.41 mmo i, o3-s] oj- >- r 

as a colorless oil. 

(CDC1 5 ) o£ A: a « -0.06 («). 0..1 <»>. 1.01' («» . 

x „ „«,. 1. 9 7 ,«,. 3.48M3H), 4.83 («) , « .11 <«> - «•« *», 
7.11-7.30 (SH,, 7.30.7,3, (tft. 7.39-7:50 <«. , 8.08 (1HI, 8.33 

(1H) ppm. 

» 1CDCV o£ 3 : » - -0.01 <6H). 0 . 85 OH,, 1.11 (»). 
! 78 ( 3E,/l.S3 <1H,. l.»7 (1H>. 3 . S8 . 4,43 (IE,. «.03 (1H). 

(IB). 7.33-7.S0 <7K,. 7. ,3-7. 75 («. , 8.29 (IB). 8.41 (IK) 

ppm . 

Example 3 5 

, E ,3s,-3-a(i,x- D i-^^ y i,aip^n y i s iiyiloxy 1 -4- m , th yi-B- ( 3- 

pvridyl)-peiit-4-eB-l-ol , 
■ " analogously to H-xa.ple 20, -3.5 a <«.«. -P» of 

that is produced under Exa m ple 34i-is reacted wit* a .5:35,10 

mixture that consists o£ glacial acetic 

a a-Ft-o-r nuri f ication, 2.1 g (4.86 

acid/water/tetrahydrofuran. Art.r pur_. 

mmol, 76%) is obtained. 

1 H-NMr' (CDC1-) : a =.1.12 (SH), 1.75 (3E> , 1-88 (2H) , 3.65 ^ 

, -,--\ -7 -3G-7 =;o (7"^), 7.60-7.7:: 
- ,- Mtn 6 25 (i* 1 ), 7.21 (lit), 7.2o-7.^ i , 
(2K) , 4 .45 (In) / o ■•<;-> \—\ i 

. (4H) , 8,-30 (IK) , 8.44 (LH) PP^ . 



Encamp le 3 6 

i » -! cc cr (7 = %) of the title 
Analogously zo Example *2 , i.S. g 

- = r -i - describee 

compound is obtained rrom 2 . ± S °- 
under Example 35. 
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ig-NMR (CDCij 

(2H) , 4.29 

8.32 (IK) , S. 44 (1H) ppcu . 



10 : o = 1.11 (9E). 1-73 OH), 2.17 (2H), 3.03 



1H), 6.19 (IE), 7.22 (-1H) , 7.30-7.50 (7H), 7.63-7.75 



Example 3 7 

Analogously to Example 23, 2.35 g (80%) o£ the title 
compound is obtained fro« 1,W S ot the compound that is- 
d= = c^ibed under Example. 36. 

'p-NMK (CDClj) : 5 - 1-08 OH,. 1.80 <«) . 3.27 (1H,, 3.56 
(1H) , , 66 (1 H,, 6.52 UK,, 7.25-7.SO (27H,, 8.35 (1H,, ,.»« <1H. 



ppm 



Example 3 8 

(z 3S) -i- UDimethyl (1, 1-dimethylethyl) silylloxy) -3- t [ d, 1- 
d il l ethylethyl,diphenyls-ilyl ! ox yl -,- n ethyl-5-(4-pyridyl,-pent- 4 - 
.„ W and (E ,3S,-1-Udimethyl(i; 1-dimethylethyl, silylloxy, -3- 
t ( (1 ,x-di..ethylethyl, diphenylsilyl, oxy, -,-methyl-5- U-pyridyl, - 
pent-4-ene (3) 

^ - „~i = i9 'd 59 a (9^75 mmol) .of the 
Analogously to Example 19, 4.b» g i * 

a ^bat is «-sented according to Example 6 is reacted with 

compound tnac is P 1 -^"^ 

, -^^-pf^or- wo r lei no -co 

use of diethyl(4-pyridyi)methanepnospnona..e, a-„- 

a.d ou^fication, 605 «, (1.11 —1, 11%) of title compound A ana 
4 . 34 ' g .7.35 «*. of title compound B are isolated in each 

case as a colorless oil. _ - 

(CDC1 3 ) of A: a . "COS ,«,. 0.82 ,«> . 1-02 <«>. 

, 73 (3H), 3. 4 8 («,. «..» i». «••• <*>' ' 

7 ,0-7. 30 7. 32-7. .0 ««, . ,.«-*.« <«> - <*"> ^ 
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, , ~ -q a - -0 OA (SH) , 0.80 (SH) , 1-03 (SE) , 
ip-MNR (CDC1 3 ) or ,B : o - 

IW ,;», ««,. 3.SS <»,. 4 -3s uk,, «.<>, an,, ». 

7lM . 7 .*8 («>. 7.M-7.72 <«> . 8.50 (2E) pp. . 



Example 39 b , . 

(E , 3S) -3- 1 III, i-Di« t hyl. t hyl)diph. ny i.ilyl]o 3 c/l ( - 

pyridyl) -pent-t-en-l-ol 

^alogou-ly to Exa.ple «. 1.3*. 9 H-» -»H ° £ tile 
c 0mD ound that i. product under Example 3BB is reacted with . 
„.; S! I. ^ture that coasts o £ facial acetic acid/water/ 

9 92 a '{6.76 mmol, 8 5%) ol 
tetrahydrofuran. After purification, 2.92 g 

the title compound' is obtained. 

A - 1 12 (9H), 1.78 (3H)„ 1.87 (2H), 3.65 
1H-NMR (CDC1 3 ) : 5 = 1-12 <smj , 

« qi 7 26-7.43 (6H), 7.60-7.72 

(2H), 4.42 (1H), 6.26 , 6:97 (2H), /• 

(4H) , 8.52 X"2H) PP™- 



Example 4 0 . . , 

" .^alogously to Example 22, 2.82 g (77%) of the title 

■ • - frm 2 S2 a (6.76 maol) of the compound tna, 

compound is obtained from- 2 . 32 g 1* 

•i s-d-scribed under Example 39. • 

" V w W a . ..os 1.7. can. — <">- 

(4H) , 8.50 (2H) ppm. 
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Example 41 

"analogously to Example 23, 3.27 g (4.06 mmol, 78%) of the 
title compound is obtained from 2.82 g (5.21 mmol) of the 
compound that is described under Example 40. 

(CDC1,): 6 - 1.09 <6H). 1.82 (3H), 3 . IS (IK), 3. SO 
(1H) , 4 . ss (1S ), 6.53 (1H), 7. OS ,2H), 7.2S-7.48 ,*H). 7.50-7.70 
(4H) , 8 . 50 (2H) ppm. 
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^^^^^ of Gane^l Formula I . 

■ L£IlirJ ^^ the invention 

trample 1 

,4S,7E,8S,9 S ,13Z,i6S( 2 |)-4.8-Dihydroxy-7-athyl-16-(l- m ethyl-2-U 
pyridyllethenyl) - l-oxa-5 , 5 - trimethylene- 9 , 13 -dimethyl- ' 
cyclohexadec-13-ene-2, 6-dione 

Example la C3S. SR. 7S.8S", 12E/Z. 1SS. 1«) - 6 -Ethyi-7 -hydroxy- 
8 , 12 . is-trimethyl-n - (2-pyridyl) -4 , 4 -trimethylene-l , 3 . 15-tris- 
([di.uethvKl.l-dimathylethyDsilylloxyi-heptadeca-ia.ie-dien-S- 

one (A , and ( 3S.6S,7R,8S,12E/z,l 5 S,16E,-S-=thyl-7-hydro*y- 
•a.ij.lS-trimethyl-l?- (2-pyridyl) -4. 4-trimethyl« n e-1.3, 15-tris- 
Udimethyl (1. 1-dimethylethyl) silyll oxyl -h a ptadeoa-12 , is-di.n-5- 

' one (3) 

The solution of 0.38 ml of dllsopropylamine in 12 ml of 
anhydrous tetrahydrof uran i. cooled under an atmosphere of dry 

. ' . , • • , - -, -> rri nf a 2 a molar solution of n 

<- „ - n"r m yod w en- i -.-13 ml oi & ^ • - 
argon to -jO nu~K-<- w - ' — 

, _ _ j -tarred for 15 more minutes. At 

butyilithium in n-nexane «nd si.r.ea 

-7G a C, the solution of 1.05 g (2.53 mmol) of (S)-I-(l,3- 
■oi s [ [dimethyl (l, 1-dimethylethyl) silyll oxypropyll - 
cvciobutyl)propan-l-one, which was produced according, to the . 
. Dro cess described in DB 137 51 200.3, in ■ 12 mi of tetrahydro.u 

-'- ■ • a-d it allowed to react for 1 hour. The 

is addec m arops , a^c x<- - = 

it is mixed with the solution of SS4 mg (2.32 mmol) of 
(2S, 6E/Z, 9S, 10E) -9-t idimethyi ( i , 1-dimethvlethyl ) silyll oxyl -11 
pyridyi) -2,6, 10 -trimethyl-undeca-6 , 10 -dienai, which w 
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£ „ co . dip c to the process described in BE 1S7 si 200.3. in 12 .1 
o£ t ., r ahvdrofuran, end it is poured into saturated ammonium 
CiVid. solution after 45 minutes. It is diluted with water, 
„ t ,. rt . 4 several ti.es with ethyl acetate, the co-bin* °=9«" 
extracts are washed with saturated sodium chloride solution, 
'dried on sodium sulfate and concentrated by evaporation in a 
vacuum. After column chromatography on silica gel with a 
gr ad<ent svstemthat consists of r-hexane and ethyl acetate, 1.17 
g ,1.41 mmol, Sl%) of title compound A and 0.30 g (0.36 mmol, 

• . ' ' _ _ -p are obtained in addition to starting 
16%) of a diastereomer B are oouaj.— 

material. 

-„ .CO,, of, » - 0.02-0.18 . .... <«)' 

U „, 1.31*1. 3 9 UK), 2.0. (3H>. 0.83-2.11 (3SH). 2. 22-2. ,3 (SE). 
3 ^aH,, 3.3, UH,, 3.54-3.6S ( 3H,, 4.03-4.13 ««, . S . 18 <!*>, 
■ 3.48 (1H), 7.08 am, 7.22 UH, , 7.32 ,1H,, 8.30 (1H, ppm. 

Example lb <3S , 8*, 73 . 8S , 12E/Z , 1SS , 13E, -3 -Ethyl -17 - <2 -pyridyl, - 
a 12 -,3-trimethyl-4,4-trimethyler.e-l,3,7,15-tetrakls- 
c' ( di m ethyl(l,l-dimethylethyl,sUyllox-yl-heptadeca-12,13-dien-S- 



one 



, mrsio l) of the compound, produce 

The solution or 1.1/ s 1 - * 

^ patrol- ia, in 40 ml of anhydrous dichloromethane i 

o<= d^-v araon, mixed with 2.8 
cooW to -78°C under an atmosp^e.e o. a-./ 

n1 o, 2,,-letidine, 2.6 ml of trif luoromethanesulf onic acid-ter- 
b.tvldimethylsilyl ester and stored for « hours. It is poure 

,. . r , on = i . a solution and extracted severs 
into saturated soeium oicsrooiiuu. -o--u 

M^h^-re combined organic extracts are 

times with axcnxoromet^^e . ■ — e 



dried on sodium sulfate and concentrated by evaporation in a . 
vacuum. After column chromatography on silica gel with a 
gradient system that consists of n-hexane and ethyl acetate, 1.30 
c (1.38 mmol, 98%) of. the title compound is isolated as a 
colorless oil. 

• .„-»* (CDC!,): 6 . -0.01-0.U (2«H) . 0.83-0.98 (39H>, 1.07 
(3K), 1.10-2.10 (13S). 1.60.1.68 <3H>. 2. OS <3H), 2.15-2.40 (4=) , 
3.09 (IB). 3.89 (2H), 3.78 (IB). 4.04 : 4.1. (2H), 5.17 (IB). 8.48 
(1H ), 7.08 (1H), 7.21 (IE), 7.81 ( IK) , 8.60 (1H) ppm. 

Exampl. lc (3S,6 R ,73,8S,12E/Z,15S,16 E )- S -E«:hyl-l-hydro : <y- 

8 ,12,18-tri;m e thyl-4.4-trlmathYlene-17-(2-pyridyl)-3,7,lS-tri S - 

['(dime^yKl.l-dimethyl.thyDsilylloxyl-heptadeca-ia.^-di.n-S- 



one 



The solution of 1.30 g (1.38 mmol) of the compound, 
presented according to Example Ib^in a mixture that consists of 
15 ml of dichloromethane and 15 ml of methanol is mixed at 2 3'C 

~e A^r =raon w' th 320 ma of camphor- 10- 
under an atmosphere of cu/ argon w_c„ 

/ • j' -nd is starred for 22 -more hours. It is mixed 

sulfonic acid,- ana xC is su-ia. 

. . arS j nt - 0 a saturated sodium bicarbonate 

with triethyiamme, pourec into a sccaid. 

^ j -=- = 1 hims<! w-: t>> dichloromethane. Tne 
solution and extracted several txmes w.u- 

combined . organic extracts are dried on sodium sulfate a'nd 
concentrated by evaporation in a vacuum. After column 

,. = JiJr.- c^i wit" a gradient system that 
chromatography on fine sxixc^ gel wic. <* b 

- wv.^ ar «t-at« 6^4 mc (735 mmol, 54V) o 
consists of n-hexane ana e..nyi ac-v.au-, c_. . 

the title compound is isolated. 



sample Id <33,6R.7S.a S ,12E/Z,15S,16E)-S-Ethyl-5-oxo-a,12,16- 
., lTiethy l- 4 ,4-tri>nethylen e -17-(2-pyridYl)-3,7,15-tris- 
^dimethyl (1, 1-dimethylethyl) silyl! oxyl -heptadeca-12, 16-dienal 

The solution of 0.16 ml of oxalyl chloride in 6 ml of 
anhydrous dichloromethar-e is cooled under an atmosphere ot dry 
argon to -78«C, mixed with 0126 ml of dimethyl sulfoxide, the 
solution of 610 mg (0.73S mmol) of the compound, presented 
according^ Example 1c, in 6 ml of anhydrous dichloromethane , 
and it is stirred for 0.5 hour. Then, it is mixed with 0.75 ml 
o£ trietnvlamine, allowed to heat to o-C and mixed with n-hexane 
and saturated sodium bicarbonate solution. The organic phase „ 
separated, ^the aeneous phase is extracted several more times with 
n-hexane, the combined organic extracts are washed with water and 

• • c .,if-hP Th^ residue that is obtained alter 
dried on magnesium sulfate. Tn- res-u 

a i r,f the solvent is further reacted without 
filtration and removal or the so j. ^em- 
purification . 

Example le (3S , 6E,7S , 8S , 12E, 15S , 16E, -6 -Ethyi-5 -OXO-S , 12 , !S - 
tr<methvl-4,4-trimethylene-17-(2-pyridyl)-3,7,15-tris- 
t (diethyl (1, 1-dimethylethyl) silylioxy, -heptadeca- 12 , 16-dienorc 
acid (A) and <3S . 6E, 75 , 8S , 12Z , 153 , 16E) - 6 -ethyi-5 -oxo-8 , 12 , 16 - 
trimethvl-4,4-trimethylene-17- (2-pyridyl. -3 , 7 , 15 - tris - 
UdimethylU.l-dimethylethyl.silylloxyl -heptadeca-12 , 16 -dienoxc 

acid (3) 

,H. solution of 651 mg (maximum 0.74 mmol) of the compound, 
resented according to Example Id, in 16 ml of acetone is cooled 
" to -,0°C. mixed with 540 ,1 of a standardized .» chromosulfunc 
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acid solution and stirred f or 1 . 5 hours. It is poured into a ' 
mJxturs that consists of water and diethyl ether, the organic 
ahase is washed with saturated sodium chloride solution *Bd dried 
"on sodium sulfate. The residue that is obtained after filtration 
„a removal of the solvent is purified by chromatography on about 
,00 ml of fine silica gel with a gradient system that consists of 
n-hexane and ethyl acetate. 150 mg (225 ,«ol. 30% relative to. 
the educt in Example Id) of title compound A and 280 mg (332 
.mol, 45* relative to the educt in Example Id) of title compound 
B in'each case are isolated as colorless oils. . 

>H-™* (CDC1 3 ) of A:' a = 0,03- (3K), 0.05 (3H>, 0.09 («H>. 
' „ 13 (3F).'o.20 (3H), 0.84-0.96 (30H), 1.02-1.50 (SH), 1.12 (3H). 
, 57 <3E), 1.63-2.06 (4K, , 1, » l». 2.12-2.46 (BE). 3.07 (IE). 
,.„'(». 4.13 (1H), 4.48 (1H,, 5.12 («). «.«» <«) . 7-» UK), 
7 32 (IE), 7.70 (IK), 3.60 (1H) ppm. 

<CDC1 3 » of B: a = 0.6^ (3H), 0.04 (6K), 0.08 <3E, , 
0 ,1 <3H), 0.17 I,.!,' 0.64-0.97 (30H), 1.05-1.98 (8K), 1.12 (3S), 
! „ <3»), 1.91 (3H), 2.05-2.35 (8H), 2.42 (1H), 2.94 (IK), 3.92 
,1H), 4,12 (IE). 4.53 UH) ', 5.20 (1H), 6.60 (IE), 7.17 < 1H) , 7.32 
' (1H), 7.70 (ISO, a. 59 (IE) Ppm ■ 

Example If (35 , 6*, 7S , 8S . 12Z , 133 , 16S) - 6 -Ethyl- 15 -hydroxy-5 -OXO - 
a 1 6-trimethyl-4,4-trimeth y lene-17-(2-pyridyl)-3,7-bis- . 
,' ! di.ethyl(l,l-dimethylethyl,silyllo:cyi-heptadeca-12,16-dienoic 

acid 

-i w ■ _ . o a n nr n ~ 2 LLHOi) of CCaiDOUnd 3; prOGUC8G 

•"^he solution o z 230 mc i - - z .- LUV ^ - y 
according to Sample le, in 13 mi of annydrous t.etrahydrof uran i 
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c a^- -r-rron W"i t'n 5 ml O f a 1 ^Olal 

m i yed unaer an aUospri.- ° 

sol „ tim of t.t«b»tyl«~»i«» fluoride in tetrahydrof uran, and 

is sti-red for 4 hours at 2 3°C It is mixed with saturated 
£ od<um bicarbonate solutioh. extracted several ti.es with. ethyl 
, e . t . e . washed with saturated sodium chloride solution and drieo. 
on sodium sulfate. The residue that is obtained after filtration 
and removal of the solvent i. -rther reacted without 

purification. 

Example la ( 4S,7R, 8 S, S S.13Z,i 6 S(E,,- 4 .e-Bis- lt di m ethyl(l.l- 

di methviethyl)silylloxyl-7-ethyl-lS-(l-eth y l-2-(2- 

pyridyl.ethenyl)-l-oxa-5.5-tri m ethylene- 9 ,13-di m eth y l- 

cyclohexadec - 13 -ene -2 . 6 -dione 

■• -™ -/moil of the compound, 

Th» solution of 289 mg (maximum 332 ^too.) 

presented according to Example If/ in a mixture that consists of 
2. 6 ml of anhydrous tetrahydrofurin and 3 0 ml of toluene is mixed 

• , , nnc iii of t^ie thvl amine , 
under an atmosphere of dry argon with 276 »\ t.- . 

2S 0 ,i of 2,4,6-trichlorobenzoyl chloride, and it is stirreo ror 
20 minutes. This solution is added in drops within 3.5 hours to 
the solution of ,22 mg of 4 -dimethylaminopyridine in 130 ml or 
toluene, and it is stirred for 2 more hours at 23°C. It is 
concentrated by evaporation, ta.en up in a little dichloromethane 
a.d rurified by chromatography on about 200 ml of fine silica gel 
„ it , a cradient system that consists of n-hexane and ethyl 

acetate. 165 mg (232 „n»l. 70%) of the title compound is 

isolated as a colorless oil. 
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, * 0 05 (3") , 0.02-0.15 (9E) , 0-80 (9n) , ■ 

ly.NMR (CDC1-) : 6 = "0-0= 

0 99 (3«) , 1-22 (3H) , 1-63 (3H), 
0 a5 .i 94.(1SH), 0-94 (3H), 0.99 (3-J, 

• ;; (0 ,„,, ,« <»>■...» — 

s.x. <*>...* -•■- 27 (isk7 - 63 <ihk 



(IE) PP m - 



• ■ vl -cyclohexadec- 13 -ene - 2 , S -dione 

Q1 me.h/1 eye com pound, presented 

T*e solution o£ 1SS mg (232 fimo-l o 

le la iP 1.8 ml of anhydrous dichlorometnane 

according to Example ig, in D „ tio ns with 

is mixed at 0-C under an atmosphere of dry argon m po tic 

a total o* 1.* ml of an approximately 2 0V trif luoroacetic ac-d 

■ stir^d >or 2, hours. It is poured into a saturate* 

and lt x . stirrec -O ctsd ui th dic hloro m e thane , and 

scdium bicarbonate solution. — =t-4 fmr . tleB 
t he organic phase is dried on soaium sulfate. 

, the solvent, the residue is puntied by 
and removal o, ^ gradisnt 

chromatography on about 200 ml o. f.« - 9 

Q --^ pthvi acetate. \ 
c= V c*-em t*at consists of n-.n-x— 

s/s-em 1 u ■ _ mlorless oil. 

,.ol, 77*) of tfce title ccpounc 

(CDCl,): 5 = 1.01 (3E), 1-1S-2.S, <^-> > 

_ , 97-3.10 (2S), 3.72 (IE), 

- Sft (3«) 2.07 (3E),.2.63 (la), 

1 *3 P«), 7.13 (1H), 7.31 

(1H) , 4.54-4.83 (IE), 5.07-5.20 (2.,), 6. .3 ( -> 

(12)f 7 ..69 UH), 8.56 (IE) PP»- 



Examples ( IS , 3 S ( E) ,7S,10R,11S,12S,1SR) - 7 , 11 -Dihydroxy- 10 - ethyl - 
3-(l-methyl-2-(2-N-oxypyridyl)etheiiyl) -8,8 - 1 rime thy lane -12,16- 
dimethyl-4,17-dioxabicyclo[l4.l.0]heptadecane-5 / 9-dione (A) and . 

(1R,3S(S),7S,10R,11S,12S,16S) - 7 , 11 -dihydroxy- 10 - e thyl - 3 - (1- 
methyl-2-(2-N-o:<ypyridyl)ethenyl)-8,8-trimethylene-12,16- 

dimethyl-4 , i7-dioxabicyclo,[14 .1.0] heptadecane- 5 , 9 -dione (3) 

The solution of 20 mg (41 junol) of the compound, presented 

i-r, pv-mnie i ir i ml of acetonitrile is mixed with 264 
according to Example l, xi- - 

M l of a 0.1 M solution of sodium ethylenediamine - tetraacetate , 
cooled to 0°C and mixed with 400 ^1 of 1 , 1 , 1-trif luoroacetone as 
well as a mixture that consists of 37 mg of ■ oxone and' 35 mg of 
sodium bicarbonate. It is allowed to react for 5 hours, poured 
onto' sodium thiosulfate solution and extracted several times with 
ethyl acetate. The combined organic extracts are washed with 
saturated sodium chloride solution, and the residue that- is 
obtained after filtration and removal of. the solvent is purified 
bv chromatography on two analytical thin-layer plates. As a 
mobile solvent, a mixture that consists of dichloromethane and 
ethanol is used. 15 mg (25 ,mol, 71%) of title compound A and 4 
mg (8 M-ol, 19%) of title compound B in each case are isolated as 

colorless oils. 

'E-NMR (CDC1 3 ) of A: 6 = 0.97 (3H), 1.10-2.53 (16H), 1-20 
(3H), 1.30 ( 3H>, Vl3 (3H>, 2 . 6 5 - 2 . 8 0 " ( 2E) , 2.93 (1H), 3.12 ( 1H) , 
3. 65 (1H), 4.61 (1H),'5.37 (1H), 6.49 (1H), 6.94 (1H), 7.22 (IE), 
7.33-7.46 (2K) , 8.29 (1H) ppm . 

' E - NME (CDCi 3 ) of E: 6 = 0.93 (3E), 1.15 (3E), 1.22-2.51 
(1SE), 1.30 (3H), 2.13 (3E), 2.64 (IE), 2.89 (1H), 3.13 (IE), 
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3.33 (IH), 3.30 (IH), 4,62 (IE), 5.42 (IE). 5.90 ( LH) , 7.03 (IH), 
7.21 (IH), 7. 36 (IE), 7.45 (IH), 8.30 (IK) PP™ . 

^vpie.! ( IS , 3 S (E) ,7S,10R,11S,12S,16R) - 7, 11 -Dihydroxy- 10 - ethyl - 
3-(l-methyl-2-(2-pyridyl)ethenyl) - 3 , 8 - trimethylene- 12 , 16 - 
dimethyl -4, 17 -dioxabicyclo [14 . 1 . 0 ] heptadecane - 5 , 9-dione 

Under an atmosphere of dry. argon, the solution of 15- mg (29. 
, m ol) of compound A, presented according to Example 2, in 2 ml of 
trichloromethane, is mixed with 0 . 6 ml of 2-propanol, 5 mg of 
tetrapropylammonium perruthenate, molecular sieve (4A) , and it is 
stirred for 2 . 5 days at 50°C. It is purified by chromatography 
on an analytical thin-layer plate. As mobile solvent and eluant , 
a mixture that consists of dichloromethane and ethanol is used. 
12 mg (24 M mol, 83%) of the title compound is isolated as a 
colorless' foam. 

-,>N*R (CDC1 3 ): a = 0.93 (3*K 1.22 (3H), 1.20-2.62 (17H), 
30 (3H), 2.07 (3H), 2.78 (IH), 2,85 (IH), 3.03 (IH), 3.71 (IE). 
4.53 (IH), 5.33 (IE), 5.36 (IH), 6.62 (IH), 7.13 (IH), 7.31 (IB). 
7.72 (IH) , 8 .54 (IE) ppm. 

t-ic = i i-ni hvdroxv- 10 -etnyl- 
Example 4 ( 1R , 3 S ( 2 ) , 7 S , 1 OR , i.ls= , 12 S , loa ) 7,-1 U-n/ 

- , n { - nv-'r-'i )Pt;^-vi ) -a, a-trimethylene-12, 16- 
3 - (l-m^u-iyl-2- (z-pvriGvi) euii — /-/ °/ 

dimethyl-4 , 17 -dioxabicyclo [14 . 1 . o] heptadecane- S, 9-dione 

Analogously to Example 2, 4 mg (3 M^oi) of compound B, 
presented according to Example 2,. is reacted, and after working- 

up and purification, 2 mg (4 amoi, = 0*) o. t 

isolated as a colorless oil. 
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(CDCl,); « = 0.54 UH) . 1,19 (3H). 1.23-2.20 (13H), 
, 30 „»). 2.13 (3E) , 2 .27-2 . SO <4S). 3.00 (IB). 3.11 («) , 3.15 
,,„, 3.81 (1H1, 3.92 (IB). 4.41 (IE). 5.61 (IB), 6.S7 (IB). 7.13 



(1H) , 7.28 



IH) , 7. 6 7 (lH)v 8.5 9 (1H) ppm ■ 



( 4S,7R,8S,9S,13B,l 6 S(E))- 4 ,8-Pihydroxy-7-ethyl-l6-(l-methyl-2.(2. 
pyridyl).ethenyl)-l-oxa.5/5-trime t hylene-9,13:dimethyl- 
cvclohexadec-13-ene-2,6-dione and 

US,7R,8S,9S,l3B,l 6 S(E))-7-e t hyl^-hydroxy-l 6 -(l-methyl-2.(2. 

pyridyl)etheuyl)-l-oxa-5,5- t rirae t hylene-9,13-di m ethyl-8- 

trifluoroacetoxy-cyclohexadec-13-ene-2,6-dione 

, «; ' /is 6R 7S «S i2E,l5S,lSE)-6-Ethyl-l5-hydroxy-5.-oxo- 
Example 5a (3S,6R, -i, .a,i^^, 

a 12 ls . cr i m e th yl-4. 4 - t rimethylen e -17,(2-pyridyl)-3,7-t>i S -. 
/(^t.yl.l.l-di-t-nylethyl.silyWo^-^ptadeca-^.lS-dienoic 

acid 

w tn Exatrroie ^, 190 ma (225 /mol) of compound A, 
Analogously to hxaiupi^ - 

„ . ^ • _ ^p. c t°Q and after working 
presented according to Example ie, ^ .eact.a, 

u P< 193 mg of the title compound is isolated « c-u . 

which is further reacted without purification. 
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Example 5b <4S , 7R, SS , SS . 13E , 1SS (E) ) -4 , 8 -Bis - ( (diethyl ( 1 , 1 - 
di I r iet hyle C hyl)=ilylloxyl-7-eth- / l-l S -(l-r"ethyl-2-(2- 
pyridyl) ethenyl) -l-oxa-5, 5-trimethylene-9. 13-dimethyl- 
cvclohexadec-13-ene-2,S-dione 

analogously to Example lg, 19a mg (maximum 225 „mol) of the 
compound, presented according to Example 5a, is reacted, and 
attar wor.ing-up and purification, IIS mg (183 Mmol, 72%, of the 
CHtl- comoound is isolated as a colorless oil. 

.„-»* (CDClj) : 5 • 0.00 »B); ..0, »H> , 0.08 (3K) , 0.12 
„H. 0.76-2.21 (12H,, 0.83 <9K), 0.92 (12H), 1.22 (3H), 1.47 
( 3H), 2.17 <3H,. 2.29-2.51 , 4*> , 2.82-2.99 (2H,/ 4.18 (1H,, 4.87 . 
( 1H), 5.0 9 "(1H), S.31 (1H), 8.58 . 7.10.1H,, 7.18 ,1H>. 7.« 

(1H) , 8.61 (1H) ppm- 

■ Example 5 ( 4 S ,7 R .8S,9S.13E,l S S(E,)-4,8-Dihydroxy-7-ethyl-18-(l- 
ra e : thyl-2- ( 2-pyridyl|,then y l)-l-ox-a^5,5-tri m athylene-9,13- 
dimethvl-cyclohexadec-13-ene-2,6-dione 

The solution of 118 mg (183 „mol) of the compound.' presentee 
a.cordinc to Example 5b. in 10 ml of anhydrous tetrahydrof uran is 
m <xed under an atmosphere of dry argon in portions with a total 
o, 3 , mi of H ? -pyridine complex, and it is stirred for 3 days at 
2 „ c Tt poured into saturated sodium bicarbonate solution, 
ex ^ted several times with dichloromethane , and the combined 
' cyanic extracts are dried on sodium sulfate. «t« filtration 
,a.d removal of the solvent,' the residue that is obtained is 
ou-.fied bv chromatography on about SO mi of fine silica gel with 
a mixture that .consists of n-hexane and ethyl acetate. 83 mg 
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, „" i ' flos.) of t*e title comnound is isolated as a colorless 
(130 }imoi, 80-sj ol 

cll as well as 16 mg of monosilyl ether. 

-. t's-NMR (CDCI3): 5 = 0.91-1.06 (IE), 0-99 (3E), 1.21 (3E), 
L ,0.x 45 (2H), 1.52-2.24 <9H), 1.56 (3S), 2.09 (3E), 2.34-2.71 
(5 »> 3.06 (IE), 3.59 <1H>, 3.67 (IE), 3..90 (1H), 4.50 <1H); 5.10 
(1H ), 5.41 (IE), 6.60 ( 1S,. 7.14 (IE), 7.37 (IE). 7.69 (IE), 8.55 
(1H) ppm. 

g^^S ' fia ,3S( B ).7S.10R.llS. l 2S.l«R.-7.11-Dihydro 1 c y -10-. t hyl- 

3- ( l- m etnyl- 2 -(2-N-o: I ypyridyl )e t> 1 enyl)-3,8- t ri m a C hyl e na-12,l S - 

dimethyl-4 , u-dlox^icycloCH .1.01 K .pt.a.ca».-S. 9 -dione (A) and 
( lS,3S(E),fs,10 R ,HS.12S,l 6 S.-7,ll-dihydroxy-10-ethyl-3-(l- 

m ethyl-2-(2-H-oxy P yri d yl) e the n yl)-a, 8 -trimeth y lene-12,l 6 - 
d.™thyl-« ,17-dioxabicyclo tl« . 1 . 0] heptadecane-S , 9 -dion. (3) 

Analogously to Example 2, 61 mg (126. ,1~1> of the co-pound, 
p.ese.ted acceding to Example S.'S. reacted, and after work- 
up ,M purification, 57 mg (111 V»ol, 88*) of a mixture of t.tle 
compounds A and B is isolated, which is further reacted without 



separation . 

1r 



K - NMR (CDC1-) of A and B: 5 = 0.90.0.93 ( 3E) , ■ 1 . 03 -2 . 52 
(23^), 2.70 (IE). 2.39,2.93 (IE). 3.10 (IE). 3.22*3.49 ( IE) 
3;5 4-3..7B (2E), 4.60,4.73 (IE), 5.46,5.65 (IE). 5.81,6.01 (1H), 
„ , - ~\ o . g -7 =4 , 8.3 0 (1H) ppm. 
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; m ; t , /1 .;, i7 -, i o:^ 1 c yC Xo l x,.x.0 lh ep t a de c,ne-S, S -dio,e (A) and 
10* ns i2S,x6S)-7,xx-dihydroxy-xo- e thyi-3-(x- 

(1S, 3S (E) , 7S, 10H, l-a. " • 

11 a a M-iipethvlane-12 , X6 -dimethyl - 
me thvi-2- (2-pyridyllethenyl) -8 , 8 -trime.nyl 

. 17 . d ioKabi=yclo t 14.X.0,heptadecane-5. S -dione (.) 

Malog ously to EX^PI. 3, 56 ^ <X0 9 M-U o £ the fixture o: 
c „ds A and 3 , pressed .cco^ — «• ^ - — ' • 
a nd a.ter wor.in 9 -»P. purification and cnro m ato g rapnic 
^aration, xo mg UO.O xs„ oi title expound A ° r 

mg «a%l of title compound B or A in each case » 

isolated as a colorless oil. 

„«*«.. (3... — ■ , 

(1F) ,3.X8 ( XH,,3. 69 ( XH,. 4 .3= i XH,.,.S3 ( XH,.S.« ( XM.. 

(1F ) 7.14 (1H) , 7.23 UK) ,7.69 (1H) , 

* * - 0 9? (3H), 1-02-1.62 (5H) , 
1 K-NHR (CDC1 3 ) of B or A: 5 
" , 22 (3F). 1-67-2.64 (12E). -2.03 (3H>. 2.89 (la). 3 — 

1 - 2 ° ( , 5< 5-53 (IE). ,.70 UK), 7.16 

(IK), 3.67 (2K), 4.47 (1*), 4.5. U~> , 

(1H), 7. 35 (IK), 7.71 Uxi), v — - ' 
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Tr-r.a.nrole 8 

„, as, ,s,13 «> , 1" <•> > -4, 8-Dihydroxy-l€- (2 - (2 -me thyl-4 - 
thiazoiyl) ethenyi) -1-oxa-S , 5,7,5.13 -pentamethyl -cyclohexadec- 13 - 

ene-2, 6 -dione 

Analogously to Example 1. 13.8 of the title compound is 
obtained fro. the phosphonium salt of Example 81 as a yellowish 

' . B .HM* (cbcl,):' a . 1.1 (3H), 1.04 (3H), 1.19 («), l.M 
0.8-1.8 ,.«. X.« l». 1.85-1." (1H,, 2.21 U», . 
2 UF, 2.44 (1H). 2.67 (IB). 2 . S 2 (1H). 3.17 (IB). 3.5 (3H,, 

3.67 (1H), 4.35 <1H,. 5.15 UH, , 5.45 ««,, — — , , 7.03 ,1H, 
ppm. 



Example 8a- 

2-wiethvlthiazole-4-carbaldehyde 

47, ml of a 1.2 molar solution of DIBAH in toluene is slowly 
added in drops at -75»C under nitrogen to a solution that 
consists of 60 g of 2-methylthia 2 ole-4-carboxylic aoid ethyl 
ester in 1070 .1 of methylene chloride. It is stirred for 2 .ore 
>„,... Then, 150 ml of isopropanci, and then 230 .1 of water are 
ilo wiy added in drops to it, the cold bath is removed and stirrao 
vigorous^ at 25<C for 2 more hours. The precipitate that is 
produced is suctioned off and rewashed with ethyl acetate. The 
,„ t ,.„ is concentrated by evaporation in a vacuum, and the 
due that is thus obtained is purified by chromatography on 
. silica cel. 35.6 g of the title compound is obtained with 
hexane/ether 1:1 as a colorless oil. 



173 



iH-NMR (CDCl,): 5 = 2.3 (3H), 8.05 (1H)„ 10.0 (IH)'ppm. 
Example 8 b 

(2E)-3-(2-Methylthiazol-4-yl)-2-propenoic acid methyl ester 

51 g of methyl- (triphenyiphosphoranyiidene) -acetate is added 
to a" solution that consists of 16 . 9 9 of previously produced 
aldehyde in 260. ml of toluene, and it is re fluxed under nitrogen . 
for 3 hours. After the reaction solution is cooled, it is 
concentrated by evaporation in a vacuum. .The residue that is 
th us obtained is purified by chromatography on silica gel. With 
hexane/ethyl acetate 1:1, '19.9.9 of the title compound is 
obtained as' colorless crystals. 
. Flashpoint: 103-105°C 

' 1H-NMR (CPC1 3 ) : 6 - 2.75 (3H), 3.8 (3H), 6.72 (1H), 7.58 
(IK) ppm. 

Example 8c 

(2E) -3- (2-Methylthiazol-4-yl) -2-propen-l-ol 

50 ml of a 1.2 molar solution of DIBAK in toluene is added 
i. droos at -70°C under nitrogen to a solution that consists of 
5.5 g of previously produced ester in 100 ml of tciuene/methylene 
chloride 1:1. After one hour, 15 mi of isopropanol and then 25 
mi of water are slowly added xn crops to *..c 

— r-n* nreriDitate that is produced is 
vigorously for 2 more aoiu». Tae p-=~-P- 

• -i - rP i- = i-a The filtrate 

suctioned off and washed well witn e^/i ^u.-. 

, , . — =nn i" h = res! du £ til 5. t 

is concentrated by evaporation m a vcCuura, a~c 

L thus obtained is purified by .chromatography on silica cel. 



1 / 3 



4.2 a of the title compound is obtained as a- colorless oil with 
hexane/ethyl acetate 0-60%. 

'H-NMR (CDCi 3 ): 5 = 1.91-1.53 (1H), 2.71 (3H) , 4.30-4.33 
(2H), S.S5-S.7S (2E), 6 .'93- (IK) ppm . 

Example Sd 

(2E) -3- (2-Methylthiazol-4-yl> -2-propenal 

A total of 3 g of manganese dioxide is added in portions to 
a solution that consists of 1 g of previously produced alcohol in 
30 ml of toluene, and it is stirred vigorously under nitrogen for 
4 more hours. Manganese dioxide is suctioned off .on Celite, 
washed weli with ethyl acetate, and the filtrate is concentrated 
by evaporation in a vacuum. 850 mg of the title compound is 
obtained as light -colored crystals. 
Flash point: 89-90°C 

1 H-NMR (CDC1 3 ): 6 = 2,75 <3*V/ 6.88-7.0 (1H), 7.39 (IE), 
9.7 (IK) ppm. 

Example Se 

(3S, 4E) -5- (2-Methylthiazol-4-yl) -1- t (4S, 5R) - 4 -methyl - 5 -phenyl- 
oxazoiidin-2-on-3-yll - 3 -hydroxy- 4 -penten- 1 -one 

5 c of anhydrous chromium ( I I ) chloride in 60 ml of TKF is 
introduced under argon and mixed with 213 mg of lithium iodide. 
Then, a solution that consists of 2.49 g of previously produced 
aldehyde and 5.34 c -of ( 4S , SR) - 3 - (bromoacetyl) -4 -methyl- 5 - 
phenyloxazolidin-2-one in 10 ml of THT is added in drops. It is 
stirred for 3 more hours. 40 mi of saturated sodium chloride 
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solution is 'added to it, it is stirred for 30 minutes, and the , 
phases are separated. The aqueous phase is extracted twice with 
100 ml of ethyl acetate each, the combined organic phases are 
extracted once with water, -and once with saturated sodium 
chloride solution. The organic phase is dried on sodium sulfate, 
filtered off, and the filtrate is concentrated by evaporation in 
a vacuum. The residue that is thus obtained is purified by 
chromatography on silica gel. With hexane/ethyl acetate 0-60%, 
1.92- g of the title compound and 2.5 g of the corresponding 
diastereomeric title compound' are obtained as 1 ight -colored' oils . 

1 H-NMP. (CDCl 3 ) : 5 = 0 . 93 (3E), 2.71 (3H), 3.16 (1H), 3.2- 
3.4-(2H), €.75-4.9 (2H), 5.7 (IE). 6.58-6.76 (2H) , 6.94 (1H), 
7.38-7.5 • (SH) ppm- 

Example 3f 

' { 3S / 4 S )-5M2-M.eth y lthiazol-4-yl)- r i' i '[(4S,5R)-4-methyl-5-phenyl- 
oxazolidin-2-on-3-yl]0-(tert-butyl-dimethylsilyloxy)-4-penten-l- 

one 

0.62 ml. of lutidine is added in drops at -70?C under 
nitrogen to a solution that consists of 1.42 g of previously 
produced title compound in 12 ml of methylene chloride, and it is 
stirred, for 5 more minutes. Then, 1.14 mi of tert- 
butyldimethyisiiyl trif iuoromethanesulf onate is slowly added in 
dro.s. After one hour, it is mixed, with 4 mi of saturated 
ammonium chloride solution, and the reaction mixture is allowed 
to heat to 25*C. It .is diluted with 70 mi of ether, washed once 
with water and once with saturated sodium chloride solution. The 



oh... is dried on .odium sulfate and concentrated by 
evaporation in a vacuum The thus obtained residue i. purified 
by chromatography on silica cel. with hexane/ather 
of the title compound i. obtained as light-colored crystals. 
Flash point: 110-112°C 

(CDCI3): . . 0.1 (6h). 0. 9 <12H>. 2.72 (3H). 3.13- 

3., ,2B); 4-58-4.7! (1H). 4.86-4..S7 < ■ S -" < 1H '' ^ " 
6.91 (1H) , 7.23-7. 45 (SH) ppm. 

Example Sg 

(3S.4E) -5- (2-Methylthiazol-4-yl) -3- (t.r,. 
4-oentenoic acid ethyl ester 

0 2 7 ,1 of titanium(IV)ethylate is added to a solution that 
consists of 1.37 g of previously produced title compound in 7 .1 
of ethanol, and it is refiuxed for 4 hours under nitrogen. The 
taction solution is concentrated' by evaporation in a vacuum, the 
residue is taxen up in = .1 of ethyl acetate, .ixed with 4 drops 
o, water and stirred for 20 minutes. Titanium oxide is suctioned 

washed well with ethyl acetate, and' the filtrate is 
concentrated by evaporation in a vacuum. The residue is mixed 
„ it , hexane, the crystals are suctioned off and washed. twice with 
The titrate is concentrated by evaporation in a vacuum. 



he.xane 



Hexaiie xxxv. 

j e iried *v chromatography on silica 
The thus obtained residue is pu^n-xec. ~, 

/ m% 910 mc of the title compound is 

cel. With hexane /etner 3 0*, s n*b 

obtained as a light-colored oil. 
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'H-NMR (CDC1 3 >: a = 0.03 (6H), 0.3-9 (9H), 1.36 (3H), 2.46- 
2.64 (2H), 2.7 (3H) , 4.05-4.22 (2H), 4.73-4.81 (IE), .6.46-6.6 
(2H) , 6.9 (LH)' ppm- 



Example ah 

, -.t.!-- d. vi ) -i - (t^t -butyl - dimethyls ilyloxy) - 

(3S, 4E) -5- (2-Methylthiazoi-4-yi) 3 ic.-c uu. y 

d-Dentenal 

45 ml of a 1.2 molar solution of DIBAK in toluene is slowly 



mi 



added in drops under nitrogen at -,0'C to., solution that 
consist, of 8.S g of previously produced title compound in 100 
of toluene, and it is stirred for one hour. .10 .1 of isopropanol 

^ t-hpn 2? ml of water, and it is 
1 S slowly added in drops to it, then 2- mi 

stirred Vigorously at 2 5«C for 2 more hours. The precipitate is 
suctioned off, washed well with ethyl' acetate, andthe filtrate 
is concentrated by evaporation in a vacuum. The thus obtained 
residue is purified by chromatography on silica gel. With 

Q n« n n a of t*e t^tle compound is obtained as a 
hexane/ether 0-80%, 7./ g Pt t..e 

yellow oil . 

■.v-NM* (CDCi,): i = 0.1 (SH), 0.9 OK). 2.SS-2.75 (2E), 
2.72 ,«), *..-i.t <»»; <**>• «•»>■ <«>< 9 ' 8 <iH ' P?m ' 



Example 3 i 

(3S, 4E) -s - (2-Methylthiazol.4-yl) -3 - (t^t ou.y 
a -centen- 1 -ol 

•" 7 . 7 = of previously produced title compound is dissolved in 
,00 ml of methanol and mixed at -60°C with 1.33 s of CeCl 3 ; it 
„ stirred under nitrogen for 30 minutes. 1.8 = of sodium 
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borohydride is' added to it, it is allowed to come to -40*C, and " _ 
it is stirred for one hour. It is mixed with 20. ml of acetone, 
stirred for 15 minutes, the cold bath is removed, and pK 7 is set 
with acetic acid. The solution is concentrated by evaporation in 
a vacuum, and the residue is taken up in water/ether. The 
aqueous phase is extracted three times with 100 ml of ether each, 
the combined 'organic, phases are washed once with water and once 
with saturated- sodium chloride solution, then dried on ..sodium 
sulfate and concentrated by evaporation in a vacuum.. The thus 
.obtained residue is purified by chromatography on silica gel. 
With hexane/ether 0-80%, 7.6 g of the title compound is obtained 

as a yellow oil. 

[a] Q : -62.3° (C = 0.9.95, CHCl 3 ) 

iH-NMR (CDC1 3 ): 6 = 0.03 (6h), 0.91 (9H). 1.7-2.0 (2K) , 
2.46 W, 2.7 (3H), 3.65-3.9 (2H), 4.57-4.65 (1H) , 6.52 (2K), 
6.88 (IK) ppm. " " 

■Example 8k 

(3S,4£) -5- (2-Methyithiazol-4-yl) - 3 - ( tert -butyl - dimethyls ilyloxy! - 

I - iodo -4 -pentene 

2 g of imidazole is added to a solution that consists of 
7.73 g .of triphenylphosphine in 110 ml of methylene chloride. 
7.43 g of iodine is added to this solution, allowed to stir for 
10 minutes,' and then a solution that consists of 7.7 g of 
deviously produced title compound in 30 ml of- methylene chloride 
Is added in drops, and it is stirred for 30 minutes. It is 
filtered off, washed well with ether, and the filtrate is 
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concentrated "by evaporation in a vacuum. The thus obtained 
residue is purified by chromatography on silica gel. With 
hexane/ether 0-30%, S.23 g of the title compound is obtained as a. 

yellow oil . 

[a]„: +3.3° (c = 0.7, CKC1 3 ) 

« ,CDC1 S )= 5 - 0.1 («), 0.91 (9B). 2.0-2.2 <2H), 2.71 
(3H ,, 3.1S-3.32 ,2H), 4.32-4.44 (1H), «.«-«.« <W. «•» <«» 

Example 81 

-. ,1 ,,i \ 7 f t-»-rt-butvl-dimethvlsilyloxy) - 
(3S,4E) -5- (2-Methylthiazol-4-yl) -3- (terc ouc/_ 

.■d- p entene-triphenylphosphonium iodide 

9 g off previously produced title compound is mixed with 6.13 
g of triphenylphosphine, and it is stirred under nitrogen at - 
10 0°C for 2 hours. After cooling, the solid residue is 

. , Hi-i-Te etrvi acetate, whereby 
' pulverized twice with etner and aj.itcle eCriy ~ 

.^I-j^-?- Thpn the residue is 
the supernatant solution is pxpetted or,, .-hen, tn_ 

d^ssoived in methanol and concentrated by evaporation in a 

vacuum. The solid foam is again dissolved in a little methanol, 

m ixed with toluene and concentrated by evaporation agam xn a 

j hu7 -;^ 0 Mn S - the residue is 
vacuum. This process is repealed twic, 

. ■ . ,...,„,„ id i a of the title compound is 
dried under men vacuum. i - . - s 

obtained as a foam. 

« t'-a\ 0 S=> 0- J ) , 1.75-2.1 (2H) , 

1 F-NMR (CDC1 3 ) : 5 = .0-12 (on), 0.8. 

2>SS (3 K), 3.4-3.6 (IE), 3.72-4.04 (IE), 4.76-4.H9 (IE), 6-4-6.5 
U H)-, 6.66-6.76 (IE), 7.09 (IE), 7.53-7.5 USE) pp« . 



Example 9 

(4S, 7R, 8S, 9S, 13 (E) 16S (E) ) - 4 , 8 -Dihydroxy- IS - (-2- ( 2 -methyl -4- 
thiazolyD eLhenyl) -l-oxa-5, 5 , 7 , 9 , 13 -pentamethyl -cyclohexadec- 13 - 

ene - 2 , 6 -dione ' -• 

Analogously to Example 1, 15.6 rag of the title compound is 
obtained from the phosphonium salt of Example 81. as a pale 
yellow-colored oil. 

1 H - NMR (CDC1 3 ) : 6 = 0.98 (3H), 1-04 (3H), 1.17 (3H); 0.9- 
2.0 (5H), 1.38 (3H), 1.58 (3H), 1.68-1.73 (1H), 2.01 (1H), 2.05- 
'2.3 (4H)', 2.4-2. 66- (3H) , 2.94 (3H)', 3.22 (1H), 3.61 (1H), 4.3-4.4 
(1H), 5.2 (1H), 5.16 (1H); 5.64 (1H), 6.75 (1H), 7.11 (1H) ppm. 

•Example 10 

(1R,3S(S) , 7S,10R,11S,12S,16S) - 7 , 11 -Dihydroxy- 3 - ( 2 - ( 2 -methyl -4- 
thiazolyl) ethenyl) -8,8, 10 , 12 , 16 -pentamethyl -4 , 17 - 
dioxabicyclo[i4.l.0]heptadecane-5:;'9-dione (A) and 
(1S,3S(S) ,75,10R,11S,12S,16R) - 7 , 11 -dihydroxy- 3 - (2- (2-methyl-4- 
thiazolyl) ethenyl) -3,8, 10, 12, 16 -pentamethyl-4 , 17- 
dioxabicyclo [14 .1.0] heptadecane - 5 , 9 -dione (B) 

0.52 ml of EDTA and 0.S7 ml of 1 , 1 , 1 - tr if luoroacetone , then 
a mixture that consists of 106.2 mg of oxone and 61 mg of sodium 
bicarbonate are added at 0=C under nitrogen to 44 mg of the title 
compound, produced in Example 8, in 0.92 ml of acetonitrile . It 
is stirred for 2 hours at 0°c . . It is mixed with 2 ml of sodium 
thiosulfate solution, stirred for 5 minutes and extracted three 
times with 10 ml of ethyl acetate each. The organic phase is 
washed once with saturated sodium chloride solution, dried on 
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sodium sulfate and concentrated by evaporation in a vacuum. The 
thus obtained residue is purified by preparative thick-layer 
chromatography. With methylene chloride/ethyl acetate 30%, .run 
twice, 5.5 mg of title compound A is obtained as a nonpolar 
component, and 27 mg of title compound 3 is obtained as a polar 
component as colorless oils. 

'K-NMR (CDCl s j of A: a = 0 . 94 (3HI, .1.05 (3H), 1.11 (3H). 
SO ,5«), 1.28 «»» . 1-35 (3H, , 1.17 CM), I», 
US ) ■ 2.41 (1H), 2.50 (1H), 2.74 (3H), 2.82 (1H), 3.08 (IK). 3.33 
UHK 3.73 (IK,. 4.04 (1H). 4.14 (1H), 5. 88 (1H), 5.58 (1H), 6 

(1H) , 6.96 (1H) ppm. 

1 F *(CDC1 3 I Of B: 6.= 1.00 OH), 1,08 (3H) , 1.1-1." 
{5H ), 1.18 (3H), 1.29 (3H), 1.35 (3H, , 1.64-1. (2H). , 1.35 (IE)." 
2 .07 (1H), 2.39 (1H), 2.42 (1H), 2.56 (1H), 2,73 (3K), 2.91 (1H) , 
■3.35 (1H), 3.78 (1H>. 3.85 (1H) , 4.10 (1H), 5.70 (1H), 6.57 (1H), 
6.67- (1H) , 6.97 (1H) ppm. 

•Rxanrole 11 

(1 R,3S(E,,7S,10R,11S,12S.1 6 R^ 

thiazolyl) ethenyl) - 8 , a , 10 , 12 , 16 -pentamethyi -4 , 17 - 
dioxabicyclori4.1.0]he ? tadecane-5,S-dione (A) and 

* ~<? nno - i * i ? * t^S)-7 n - dihydr o xy - 3 - ( 2 - ( 2 - me t hy 1 - 4 - 
(IS , 35 (S) , 7S , 10R, xlS , i2S , iwbj ' , — x 

thiazolyl) ethenyl) -a , 8 , 10 , 12 , 16 -pentamethyi - 4 , 17 - 

dioxabicycio[14.1.0lheptadecane-5,9-dione (5). 

in i7 mcr of title compound A is 
Analogously to Example 10, 2./ o. cx<_- 

c q mrr title compound 5 
obtained as a nonpolar component s ,g ..5 mg o_ c.u 
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is obtained as a polar component as colorless oils from 10 mg of 

the title compound that is produced, in Example 9. 

lE-NMR (CDC1 3 ) of A: 5 = 0.94 (3H), 1.09 (3E), 1.0-2.1 
(8H), 1.11 (3K), 1.31 OH)'; 1.43 <3H), 2.26 (IK), 2.39 ( IK) , 2.51 
(1H), 2.69 (3H), 3.00 (IE). 3.12 (1H), 3.21 ( 1H) , 3.37 (1H), 3 . 6S 
(1H ), 4.16 (IK), 5.63 (IK),- 6. 57 (IK), 6.58 (IK), 6.95 (1H) ppm. 

1H-NMB. (CDCI3) of B: 6 = 0.95 (3H), 1.04 (3K), 1.0-1.9 
<5H), 1-14 OH), 1-23 (3K), 1.44 (3K),.1.71 (IK), 1.93 (IK), 2.00 
(1H), 2.10 (IK), 2.30 (IK), 2.44 (IK), 2.52 (IK), 2.71 (3K), 2.93 
(IK), 3.29 (IK), 3.68 (IK), 3.74 (IK), 4.19 (IK), 5.69 (IK), 6.56 
(IK) , 6.63 (1H) , 6. 97 (1H) ppm. 

Example 12 

• (4S, 7R, 8S, 9S, 13Z, 16S '(E) ) -4 , 8 -Dihydroxy- 16- ( 1 -me thyl - 2 - ( 2 - 
pyridyi)ethenyl)-l-oxa-7-propyl-5,5,9,13-tetramethyl- 

cyclohexadec-13 -ene-2 , 6-dione 
Example 12a 

{ 4S(4R,53,6S,10E/Z,13S,14E))-4-(13-[[(l,l-Dimethyiethyl)dimethvl- 

s ily 1 ] oxy ] - 4 - p r opy 1 - 1 5 - ' ( 2 - pyr idy 1 ) - 3 - oxo - 5 - hydroxy -2,6,10,14- 
tetramethyl-pentadeca-10,14-dien-2-yl)-2,2-dimethyl-U,3]dioxane 

(A) and (4S (4S,5R,6S,10S/Z,13S,14E) ) -4- (13- L ((1,1- 
dimethylethyi)dimethyisilyi}oxy] -4 -propyl- 15 - (2 -pyr idyl) -3-oxo-5 
hydroxy- 2 , 6 , 10 , 14 -tetramethyl-pentadeca-10 , 14 -dien- 2 -yi) -2,2- 

dime thyl -[1,3] dioxane ( B ) 

Analogously to Example la, 1.2 g (4.95 mmoi) of (4S)-4-(2- 
xo-hept-2 -yl) -2 , 2 -dimethyl- [1,3] dioxane , which was 



methvx - 3 -o: 
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produced according to the process described 'in DE 197 51 200.3, . 
is -reacted with 1.45-g (3.49 mmol) of (2S, 6E/Z , 9S , 10E) - 9 - 
[ [dimethyl (i, i-dimethylethyl) silyl] oxy] - 11 - ( 2 -pyr idyl) - 2 , 5 , 10 - 
trimethyl-undeca-6,10-dienal, which was produced according to the 
process described in DE 197 51 200.3, and after working-up and 
'chromatographic separation, 1.14 g (1.73 mmol, 50%) of title 
compound A and 6.87 mg (1.04 mmol, 30%) of title compound B are 
isolated in each case as a colorless oil.. 

iH-NMR (CDC1 3 ) of A: 5 = 0.01 (3H), 0.06 (3K), 0.82 (3K), 
0.89 (12H), 0.99 (3H), 1.12-1.85 (11H), 1.24 (3H), 1.31 (3E), 
l'.37 (3H), 1.59.1.68 (3H), 1.89-2.10 (2H), 2.03 (3K), 2.28 (2H), 
2.85 <(1H>\ 3.25 (1H), 3.43 ( 1H) , -3 -. 8 7 ( 1H) , 3 . 9 8 (IK), 4.11 
(1H), 4,18 (1H); 5.16 (1H>, 6.47 (1H) , 7.08 (1H) , 7.22 (1H), 7.62 

(IK) , 8.59 (1H) ppm. 

' t H -NMR (CDCI3)' Of B: 5 = 0.02 (3H) , 0.07 ,(3H), 0.81-1.02 
(15K), 1.02-1.76 (11H) , 1.07 (3Hrr 1.19 (3H), 1.29 (3K) , 1.39 
(3K), 1.61,1.69 (3K), 1.90-2.10 (2K), 2.05 (3H), 2.29 (2K), 
2.83,3.02 (IK), 3.26 (IK), 3.48 (IK), 3.84 (1H), 3.96 (1H), 4,06- ■ 
4.21 (2K), 5.19 (IK), 6.43 (IK), 7.08 (IE), 7.23 (IE), 7.62 (IK), 
8.5 9 (1H) ppm. 

Example 12b 

( 3S,6R,7S,8S,12E/Z,15S,16E)-15-([(1,1-Dimethylethyl)dimethyi- 

silyl]bxy]-s-propyl-l7 r ^ 

rec-t adeca-12 , IS -diene-1 , 3 , 7 -criol 

, . ■ r n -7 c ( o 7? mmo" ) of the ' compound , 

The solucion o: l./.S 9 ^ • 7 z auu ^ - ' 

cresented according to Example 12a, in 7 0 ml of anhydrous ethanol 
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is mixed under an atmosphere of dry argon with 1.29 g of p- 
toluenesulf onic acid-monohydrate , and it is stirred for 2.5 hours 
at 23°C. It is mixed with a saturated sodium bicarbonate 
solution, diluted with water, extracted several times with 
dichlorome thane, and the combined organic extracts are dried on 
sodium sulfate. The residue that is obtained after filtration 
and removal of the solvent is purified by chromatography on about 
400 ml of fine silica gel with a mobile solvent mixture that 
consists of n-hexane and ethyl acetate. ' 1.6 g (.2.20- mmol, 81%) 
of the title compound is isolated as a colorless oil. 

'H-NMR (CDC1 3 ) : 6 = 0.02 (3H), 0.08 ( 3H ) , 0 . 8 0 - 0 . 9 6 (1SH), 
1.01-2 .35 -.(15H) , 1.05 + 1.08 (3H), 1.23 + 1.27 (3H), 1.61 + 1.68 (3H), 
1.99+2.01 (3H) , .2.78-3 .12 (2H), 3.27 (1H), 3.38+3.48 (1H), 3.85 

(2H) , 4.04-4.21 (3H) , 5 . 11 + 5 .'23 ■ ( IK) , 6.42 (1H), 7.10 (1H), 7.28 ^ 

(1H), 7.63 (1H) , 8.60 (lH)'ppm. 

Example 12c 

(3S, 6R, 7S, 8S, 12E/Z, 15S, 16E) - 6 - Propyl - 17 - (2-pyridyl) -4,4,8,1-2,16- 
pentamethyi-l, 3, ?, 15- tetrakis -[ [dimethyl (1, 1- 
dimethvlethyl) silyl] oxy] -heptadeca- 12 , 16 -dien-5 -one 

Analogously to Example lb, 1.36 g (2.20 mmol) of the 
compound that is presented according to Example 12b is reacted, 
and' after working-u? and purification, 2 . 06 g (2.14 mmol, 97%) of 
the title compound is isolated as a colorless oil. 

"'H-NKR. (CDCi 3 ) : 5 = -0.02-0.12 (24K), 0.80-0.96 (42H), 
1.00-1.71 (1IH), 1.04 (3H) , 1.20 (3H), 1.60-1.68 (3H) , 1.89-2.05 
(2H)., 2.05 (3E), 2.23 (2H) , 3.03 (1H), 3.58 (1H), 3.69 (IE), 3.30 
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(IE), 3.92 (IE), 4.12 (IE), 5.13 (IE), 6.4 7 (IE), 7.07 (IE), 7.21 
(IE), 7.62 (IE), 8.60 (IE) ppm. 

Example 12 d 

(3S, 6R, 7S, 8S, 122/ Z; 15S , 16E) -.1 -Hydroxy- 17 - (2-pyridyl) -4 , 4 , a , 12 , 16 - 
pentamethyl-S-propyl-3 , 7, 15-tris- [ [dimethyl (1,1- 
dimethylethyl) silyl] oxy] -heptadeca-12 , 16-dien-5 -one 

Analogously to Example 1c, 2.05 g (21.13 mmol) of the 
compound that is presented according to Example 12c is reacted, 
and after working -up and purification, 1.69 g (2.00 mmol, 94%) of 
the title compound is isolated as a colorless oil. 

'H-NMR (CDC1 3 ) : 5 = 0.00-0.16 ( 18E) , . 0 . 8 1 - 0 . 9 9 (33E), 1.09" 
(3H) , 1.03-1.72 (1SH), 1.19 (3H) , 1.90-2.10 (2H) , 2 . 06 (3H), 2.28 
(2H) , 3.03 (IE), 3.63 (2E), 3.81 (1H), 4.03-4.18 (2H), 5.19 (IE), 
6.48 (IE), 7.08 (IE), 7.22 (1H), 7.61 (1H), 8.60 (IE) ppm. 

Example- 12 c 

(3S, 6R, 7S, 8S, 12E/Z, 15S, 16E) - 6 - Propyl - 3 , 7 , 15 - tr is - [ [dimethyl (1,1- 
dimethylethyi) silyl] oxy] -4, 4, 8, 12 , 16 -pentame thyl - 17 - (2-pyridyl) - 
5-oxo-heptadeca-12 , 16-dienal 

Analogously to Example Id, 1.69 g (2.0 mmol) of the compound 
that is presented according to Example 12d is reacted, and after 

f 

working-up, 1.76 g of the title compound, is isolated as a crude ' 
product, which is further reacted without purification. 
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Example 12 f - 
(3S,6R,7S,8S,12Z,15S, 163) - 6 -Propyl -3 , 7, 15 -tris- [ [dimethyl (1,1- 
di methyl ethyl) silylloxy] -4,4, 8 , 12 , l6-pentamethyl-17- (2-pyridyl) - 
5-oxo-heptadeca-12 , 16-dienoic acid (A.) and 

(3S/SR, 7S , 8S , 12E, 155 ,'1SE) - S -propyl -3 , 7, 15 - tris - [ [dimethyl (1,1- 
dimethylethyl) silyl] oxy]'-4,4, 8, 12, lS-pentamethyl-17- (2-pyridyl) - 
5-oxo-heptadeca-12 , 16-dienoic acid (3) 

Analogously to Example le , 1.76 g (maximum 2.00 mmol) of the 
compound that is presented according. to Example 12e is reacted, 
and after working -up and purification, 672 mg (0.78 mmol, 29%) of 
title compound A and 527 mg (0.61 mmol, 31%) of. title compound B 
are isolated in each case as a colorless oil. 

1 H-NMR (CDC1 3 ) Of A: 8 = -0.04-0.16 (18H), 0.73-0.96 (33H), 
1.01-1.74 (10H), 1.11 (3H), 1.20 (3H), 1.70 (3H), 1.84 (IH),' 1.92 

(3H), 2.14-2.40 (4H) , 2.55 (IH) , 3.02 (IH), 3.78 (IH), 4.16 (IH), 
4.40 (1H), 5.22 (1H), 6.63 ( IH) , ^. 18 (1H), 7.33 (IH), 7.71 (IH), 

8.62 (IH) ppm. 

' 1 K-MMR (CDC1 3 ) Of 3: 5 -0.02-0.18 .(13K), 0.78-0.96- (33K), 
0.96-1.62 (10H), 1.12- (3K), 1.22 (3H), 1.57 (3H), 1.81-2. .08 (2H), 
1.S4 (3H), 2.23 -2.42 (3K), 2.64 (IH), 3.0 9 (IH),. 3.83 (IH), 4.13 

(IB), 4.3 5 (IH) , 5.11 (IH), 6.4 9 (IH), 7.18 (IK), 7.3 7 (IE), 7.71 

(IH) , 8.62 (IH) ppm. 
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Example I2g 

(3S, SR, 7S,.SS, 12Z, 15S, 1SS) - 1 5 -Hydroxy- S -propyl - 3 , 7 -bis - 

[ [dimethyl (l, l- dimethyl ethyl) silyl] bxy] -4 , 4 , 8 , 12 , IS -pentamethyi - 

17- (2-pyridyl) -5 r oxo-heptadeca-12 , lo-'dienoic acid 

Analogously to Example if, 672 mg (0.78 tnmol) of compound A 
that is presented according to Example 12 f is reacted, and after 
working -up, 642 mg (maximum 0.78 mmol) of the title compound is 
isolated as a crude product, which is further reacted without 
purification. _ . 

Example 12h 

(4S, 7R, 8S/.9S, 13 Z, 16S (E) ) -4, 8 -Bis - [ [dimethyl ( 1 , 1 - ■ 
dime thy lethyl) silyl] oxy] -7-propyl-16- (l-methyl-2- (2- 
pyridyDethenyl ) -1 -oxa- 5 , 5 , 9 , 13 - tetramethyl -cyclohexadec - 13 -ene - 
2 , 6-dione 

Analogously to Example Ig, €&2 mg (maximum 0.73 mmol) of the 
compound that is presented according to Example 12g is reacted, 
and after working -up and purification, 427 mg (586 fimol , 75%) of 
the title compound is isolated as a colorless oil. 

1 K-N*!P. (CDCl.) : 5 = -0.08 (3K), 0.09-0.12 (9H), 0.79-1.82 
(10H), 0.83 (3H), 0.36 (9K), 0.94 (SH), 0.99 (3H), 1.13 (3E), 
1.19 (3H) , 1.69 (3E) , 2.03-2.21 (IE) , 2 . 15, . (oS) , 2.44 (IE), 2.54- 
2.82 (3E), 3.03 (IE), 3,99 (IE), 4. OS (IK), 5.02 (IE), 5 . IS (IS), 
6.58 (IE), 7.10 (IS), 7.25 (IE), 7.63 (IE), 8.60 (IE) ppm. 
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Example 12 

(4S, 7R, 8S, 9S, 13Z, 16S (E) ) -4 , 8 -Dihydroxy- 16 - (l-methyl-2- (2- 
pyridy) ethenyl) - 1 -oxa- 7 -propyl - 5 , 5 , 9 , 13 - 1 etramethyl -cyclohexadec - 
13 -ene-2 , 6-dione 

Analogously to Example 1, 425 mg (584 /zmol) of the compound 
that is presented according to Example 12h is reacted, and after 
working-up. and purification, 204 mg (408 ,>mol, 70%.) of the title 
compound is isolated as a colorless oil. 

1 H-NMR .(CDC1 3 ):' 5 = 0.89 (3H), 1.03 (3H), 1.07 (3H), 1.16- 
1.47 (4H) , 1.36 (3H) ,' 1,47-1.88 (6H) , 1.72 (3H), 2.04 (3H), 2.21 
2.39 (3H), 2.47 (1H). ( 2.64 (1H), 2.81 (1H), 3.28 ( 1H) , 3.67 (1H) 
4.37 (1H).," 4.67 ■ (1H) , 5,11 (IK) , 5.19. (1H), 6.61 (1H), 7.13 (1H) 
7.29 (1H)', 7.69 (1H), 8:52 (IK) ppm . 

Example 13 

(IS, 3S ( E ) , 7S, 10R, 11S, 12S, 16R) - 10 -Propyl - 7 , 11 -dihydroxy- 3 - (1- 
methyl-2- ( 2 -N-oxidopyridyl ) ethenyl ) -8 , 8 , 12 , 16 - tetramethyl -4 , 17 - 
dioxabicyclo [14 . 1 .0] heptadeca-5, S-dione (A) and 
(1R,3S(E) ,7S,10R,HS,12S,16S) - 10 -propyl - 7', 11 -dihydroxy- 3 - ( 1 - 
methvl -2 - ( 2 -N-oxidopyridyl ) ethenyl ) - 8 , 8 , 12 , 16 - tetramethyl -4,17- 
dicxabicyclo [14 .1,0] heptadeca-5 , 9-dione .(B) 

Analogously to Example 2, 3 0 mg (50 ^cl) of the compound 
that is presented according to Example 12 is reacted, and after 
working -up' and purification, 23 mg (43 /imol , 72%) o-f title 
compound A and 5 mg (9.4 jimbl, 16%) of title compound 5 are 
isolated in each case as a colorless oil. 
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Hr-NMR (CDCI3) Of A: 5 = 0.38 (3-H), 0.99 (3H), 1.03 (3E), 

1.08-2.03 (12E), 1.30 (3E), 1.41 (3E) , 2.10 (3H), 2.23 (2B), 2.53 

(IS), 2.73 <1H), 2.30 .(IK),. 3.38 (IE), 3.60 (1H), 4,52 (1H), 5.41 

(IE), 6.15 (IE), 6.93 (IK)-, 7.21 (IS), 7.36 (IE), 7.42 (IE), 8.27 



(IE) ppm. 



iH-NMR (CDC1J Of-E: S = 0.90 (3E), 0.94 (3E), 1.01-1.98 



(12H), 1.08 (3H), 1.30 (3H), 1.45 (3E), 2.03 "(IB), 2.12 (3S), 
2.41-2.57 (2E), 2.84 (IE), 3.30 (IE), 3.37 (IE), 3.85 (IE), 4.51 
(IE), 5.39 (IE), 5.53 (IE), 7.02 (IE), 7.19 (IE), 7.32 (IE), 7.44 
(IE) , 8.29 (IE), ppm. 

Example 14 " 

(1S,3S(E) / 7S,10R,llS ( 12S,l6R)-10-Propyl-7,ll-dihYdroxy-3-(l- 
•methyl-2- ( 2 -pyridyl) e thenyl) - 8 , 8 , 12 , 16 - tetramethyl - 4 , 17 - 
dioxabicyclo [14 . 1 . 0] heptadeca-5 , 9-dione . 

Analogously to Example 3 , 23-mg ' ( 43 /xmol) of compound A that 
is presented according to Example 13 - is reacted, and after 
working-up and purification, 11 mg (21 M mol, 93%) of the title 
compound is isolated as a colorless oil. 

, 1 H-NMR (CDC1-) : 6 = 0.89 (3S), 0-93 (3S), 1.06 (3E), 1.13- 
2.03 (12E), 1.28 (3E), 1-39 (3H), 2.09 (3E), 2.14 (IE), 2.36 
(iw), 2.S3 (IE) , 2.80 (IE), 2.96 (IE), 3.39 (IE), 3.61 (IE), 4. 38 
(IE), 5.28 (IE), 5.43 (1H) , 6.60 (IE), 7.14 (IE), 7.29 (IE), 7.65 
(IE) , 8.53 (IE) ppm. 
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Example 15 

( 1R, 3 S (E) ,7S,.10R,11S,12S,1SS) - 10 - Propyl - 7 , 11 -dihydroxy- 3 - (1- 
methyl-2- (2-pyridyl) ethenyl) -8, 8, 12, 16-tetramethyl-4 , 17- 
dioxabicyclo [14 . 1 . 0 j.hepcadecane - 5 , 9-dione 

Analogously to Example 3, 5 mg (9.3 jimol) of compound E that 
is presented according to Example 13 is reacted, and after 
working -up and purification, 1.5 mg (2.9 fimol , 31%) of the title 
compound is isolated as a colorless oil. 

'H-NMR (CDC1 3 ) : 5 = 0,89 (3H), 0.95 (3H), 1.01-1.92 (12H) , 

1.04 (3H), 1.29 (3H), 1-37 (3H), 2.09 (1H)., 2.11 (3H), 2.43 (1H), 
2.5S (1H), 2.98 (1H), 3.08 (1H), 3.29 (1H), 3.51" (1H) # 3.92 (1H) , 
4.34 (1H) , ;5.58 (1H), 6.64 (IK), 7.12 (1H), 7.23 (1H), -7. 66 (1H), 

8.5 9 (1H) ppm.. 

Example 16 

(4S., 7R, 8S, 9S, 13E, 16S (E) ) -4, 8 -Dihytroxy- 16 - (l-methyl-2- (2- 
Dyridyl) ethenyl) - 1 -oxa-7 -propyl - 5 ,5,9,13 - tetramethyi- 
cyclohexadec-13 -ene-2 , 6 -dione 

Example 16a'. 

(3S,6E,7S,SS,12E,153,16E)--15 -Hydroxy- 6 -propyl - 2 , 7-bis- 

[ [dimethyl (1, 1 -dime thylethyl ) silyl] oxyj -4,4,3,12, 1 5 -pent amethyl - 
f 

17- (2-pyridyl) -S-oxo-heptadeca-12 , is-dienoic acid 

Analogously to Example If, 527 mg (0.61 mmol) of compound B 
that is presented according to Example I2f is reacted, and after 
worxinc-un, SOS mg (maximum 0.61 mmol) of the title compound is 
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isolated as crude product, which is' further reacted without 
purification.. 



Example 16b 

( 4S , 7R, SS, 9 S , 13 E , 16 S ( E ) j - 4 , 8 -B is - [ [dimethyl ( 1 , 1 - 

dimethylethyl) silyl] oxy] -7 -propyl -16- (1 -methyl -2- (2- 

pyridyl) ethenyl) - i-oxa -5 , 5 , 9 , 13 - tetramethyl -cyclohexadec - 13 -ene - 

2,6-dione 

Analogously to Example lg, 508 mg (maximum 0.61 mmol) of the 
compound that is presented according to Example 16a . is reacted,'- ■ 
and after working -up. and purification, 358 mg (492 (iinol, 80%) of 
the title compound is isolated as a .colorless oil. 

1 H-NMR (CDCl 3 ) : 5 = 0.02-0.16 (12H), 0.79-1,72 (33H), 1 . 11 : 
(3H) , 1.19 (3H), 1.5.9 (-3H), 1.86 (1H), 2.07-2.20 (1H), 2,13 (3H) , 
2.33 (1H) ,2.43-2.66 (3H), 2.97 (1H), 3.89 (IK), 4.39 (1H), 5.22 
(1H), 5.29 (1H), 6.56 (1H), 7.08 3lH), 7.18 (1H), 7.61 (IK), 8.59 
(1H) ppm. 

Example 15 

(4S, 7R, 8S, 9S, L3E, 16S (S) ) -4 , S -Dihydroxy-16 - (l-methyl-2- (2 - 
pyridyl) ethenyl) - 1 -oxa- 7 -propyl - 5 , 5 , 9 , 13 - tetramethyl - 
cyclohexadec - 13 - ene -2 , 6-dJ.ona 

Analogously to Example 1, 3 56 mg (439 jimol) of the compound 
that is presented according to Example 16b is reacted, and after 
working -up and purification, 201 mg (402 /imol, 82%) of the title 
compound is isolated as a colorless oil. 
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1 H - NMR (CDCI3) : 5 = 0.82-2.23 (I2H), 0.37 (33), 0.53 (3K) ( 
1.01 (3E), 1.30 (3H), 1.62 (3K), 2.03 (3E), 2.37-2.67 (4K), 3.41 
(1H), 3.68 (1H), 4.20 (2K), 5.03 (IE), 5.39 (IE), 6.53 (1H), 7.12 
(1H), 7.34 (1H) , 7.68 (1H>.,. 3.53 (IK) pom. 

Example 17 

(1R, 3S (E) , 7S, 10R, IIS, 12S, 16R) - 10 - Propyl -7 , ll-dihydroxy-3- ( 1- 
methyl-2- (2 -N-oxidopyridyl) ethenyl) -8,8, 12 , 16 - tetramethyl - 4 , 17- 
dioxabicyclo [14 . 1 . 0] heptadeca- 5 , 9 -dione (A) and 
(IS, 3S (S) , 7S, 10R, US, 12S, 16S) - 10 -propyl - 7 , ll-dihydroxy-3- (1- 
methyl-2- ( 2 -N-oxidopyridyl) ethenyl) -8, 8, 12 , 16 - tetramethyl - 4 , 17- 
dioxabicyclo [14 . 1 . 0] heptadeca-5 , 9 -dione (B) 

Analogously to Example 2, 191 mg (382 fimol) of the compound 
that is presented according to Example' 16- is reacted, and after 
working-up and purification, 183 mg (354 /zmol, 93%) of a mixture 
of the two- title compounds A and i- are isolated as a colorless 
oil . 

1 H-NMR (CDCI3) of A and B : 6 = 0.82-0.94 (6H), 1.05 (3H) , 
1.12-1.29 (6H) , 1.32-2.24 (10K), 1.38+i;42 (3H). 2.03+2.10 (3H), 
2.31-2.62 (2H), 2. 87-2. 59 (IE)', 3.31-3.77 (3H), 4.56 (IE), 
5.11+5.57 (IE), 5.42+5.60 (IE), 6.93+7.03 (IE), 7.21 (IE), 7.33 
(IE), 7.43 (IK), S. 24-3. 32 (IK) pptn. 



Example 18 

(1R, 3S ( E ) , 7S, 10R, US, 12S, 16R) .- I'O - Propyl - 7 ., ii-dihydroxy- 3 - (1- 
methyi-2- (2-pyridyl) ethenyl) -3,8,12, 1 6 -tetra.meth.yl - 4 , 17 - 
dioxabicyclo [14 . 1 . 0] heptadeca-5 , 3-dione (A) and 

(IS, 3S ( E ) , 7S, 10R, IIS, 12S, 1SS) - 10 -propyl - 7 , 11 - dihydroxy- 3 - (1- • 
methyl- 2- (2 -pyr idyl) ethenyl) -8,8,12, 16 - tetramethyl - 4 , 17 - 
dioxabicyclo [14 . 1 . 0] heptadeca- 5 , 9 -dione (B) 

Analogously to Example 3, 187 mg (352 /xmol) of the compounds 
that are presented according to Example 17 is -reacted, and after 
working -up and purification, 64 mg (124 fimol, 35%) of title 
compound A or B and 13 mg {2 5 jimol , 7%) of title compound B or A 
in each case are isolated as a colorless oil. . , 

1 H-NMR (CDC1 3 ) of A or B: 6 = 0.88 (3H)-, 0.92 (3H), 1.03 
(3H) , 1.10-1.89 (11H), 1.29 (3K), 1.33 (3H), 2.06 (2H),.2.11 
(3H) , 2.52 (2H), 2.88. (1H), 3.11 (1H), 3,38 (IE), 3.74 .(IK), 4.33 
(2H), 5.50 (1H), 6.65 (1H), 7 . 12 "('lH) , 7.31 (1H)., 7.68 (1H), 8.57 
(1H) ppm. 

1 H-NMR (CDC1 3 ) of B or A~: 6 = 0.89 (3H), 0.90 (3H), 1.04- 
1.90 (11H), 1.08 (3K), 1.23 (3H), 1.37 (3K), 1.93-2.16 (2H), 2.09 
(3H), 2.55 (2H), 2.94 (2H), 3.31 (1H), 3.67 (1H) , 4.03 (1H), 4.31 
(1K), 5.44 (1H) , 6.62 (IE), 7.13 (1H), 7.23 (1H), 7.67 (1H), 8.55 
(IK) ppm. 



